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MULTILAYER THIN FILM DEVICE 


High Speed Sequence Generator 
Thermistors in Transistor Circuits 


Measuring Transistor Frequency Response 


See our display at WESCON 
Booths 944-45-46 


TO-18 Case 


-FOR THE HIGHEST 
0/1 VOLTAGE RATIO. 


-FOR THE WIDEST 
RANGE OF 
PEAK CURRENTS 


... SPECIFY HOFFMAN 
SILICON TUNNEL DIODES 


Now you can specify tunnel diodes wir 
VV/Vp ratio as high as 7.0:1 and with 5 
currents ranging from 470 A to 100% 
...and from a single source! Only Hoff? 
offers this great a selection plus the = 
formity and proven performance of silil 
Guaranteed tolerances of +10% 
+2% enable you to design to new sti 
ards of precision and reliability. 


Whatever your circuit requirements, t! 
is now a Hoffman silicon tunnel diod: 

meet them. For details, request Hoff 
Data Sheet No. 137-760 STD. 


Type Number 


Input and output wave forms for circuit shown below Peak Current : 


Switching circuit oe 
PULSE SUPPLY 0. 1N2930 4.7 mA 
1N2931 10 mA 
1N2932 22 mA 
_ 1N2933 
THIGGER PUT © Sasa > 1N2934 
DIODE 
UNDER TEST OUTPUT “A” versions available with +2% tolerary 
GROUND O- 4 > You can use Hoffman tunnel diodes: 
confidently: | 


m@ when temperature requirements ; 
severe—units are stable from —85°" 
+200°C. 

@ to obtain maximum performance 
switching circuits—units have high 
Vv/Vp ratio of all tunnel diodes... uy 


7.0:1. 
| @ for predictable circuit operation—w 
sh ; have extremely. uniform electrical pate 
eters. 


Custom-engineered units available : 
} from 100 wAto1A 


IMMEDIATE DELIVERY IN QUANTITY FF 
DISTRIBUTORS OR FACTORY. 


») Hoffman 


| ELECTRONICS 
. CORPORATION 
. | Semiconductor Division | 


S 
| | Ne 1001 Arden Drive, El Monte, California | 
pes SN a | Hl ee Ht Ra TWX: El Monte 9735 
b 200 400 408 500539 BDO 700 260 900 1009 Plants: El Monte, California and Evanston, Uh 
MOLLIVOLTS 


Practical iead line indicates operation with optimum: stability 
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To Serve West Coast Electronics... 


General Chemical announces 


LARGE NEW PRODUCTION 
FACILITIES 


at Los Angeles, California 


To meet the West Coast’s increasing 
demands for highest quality elec- 
tronic chemicals, General Chemical 
has established extensive new pro- 
duction and packaging facilities in 
the Los Angeles area at its El Se- 
gundo Works. 

Now, in full scale operation, these 
facilities supplement the company’s 
long established plant for manufac- 
ture of “C.P.” acids at Bay Point, 
California, as well as its modern 


BAKER & ADAMSON® 


“Electronic-Grade”’ 
Chemicals 


SEMICONDUCTOR PRODUCTS 


warehouses in San Francisco and 
Los Angeles which maintain exten- 
sive stocks of all chemicals for elec- 
tronic use. 

Now, for the first time, the West 
Coast will have a complete major 
local source of supply for the na- 
tion’s highest quality line—Baker & 
Adamson® “Electronic-Grade” 
Chemicals. The new product center 
at Los Angeles also assures same day 
delivery or overnight shipment. 


llied 


hemical 
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This new supply source helps assure 
uninterrupted production schedules 
... eases your warehousing problems 
...and gives you immediate service 
you can count on in emergencies. 
For a listing of products, specifi- 


cations and uses, write for our new 
booklet, “B&A Electronic Chemi- 
cals.”” Company letterhead please. If 
you would like to have a representa- 
tive call, write or phone our Los 
Angeles or San Francisco office. 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N. Y. 
LOS ANGELES 22, CAL., 6510 Bandini Blvd., Fireside 5-8676 
SAN FRANCISCO 4, CAL., 235 Montgomery St., YUkon 2-6840 


An important 


NEW GUIDE to 
ELECTRONIC 
CHEMICALS 


of high defined purity 


...may we send 
you your 
complimentary 
copy? Mail 
coupon below. 


More than 40 electronic chemicals of 
exceptional purity appear in this handy 
new reference guide. You will find, for 
example, high purity ‘Baker Analyzed’ 
Reagents for semi-conductors...vacuum 
tubes... ferrites...thermistors. 


Do you know that every ‘Baker 
Analyzed’ Reagent electronic chemical 
is labeled with an Actual Lot Analysis 
that defines the degree of purity to the 
decimal? And that many are labeled 
with an Actual Lot Assay as still a 
further proof of purity? Do you know 
that in many of these chemicals copper, 
nickel and other critical impurities are 
defined at levels of .1 and .2 parts per 
million? And that several important 
solvents are now controlled to meet 
stringent resistivity specifications? 


SEND FOR YOUR FREE GUIDE TODAY. 
It lists J. T. Baker electronic chemicals 
controlled to extremely low limits of critical 
impurities, and includes specification 
sheets that prove the superi- 

ority of ‘Baker Analyzed’ 

Reagents for electronic speci- J.I.Baker 
fications. Fill in coupon now. SS 


J.T. Baker Chemical Co. 


Phillipsburg, New Jersey Dept. SCP 


Gentlemen: Please send me my copy of 
“J. T. Baker Electronic Chemicals.” 


Name 


| 

| 

| 

| 

| 
Sa 
Title. | 
’ 

| 

| 

| 

cal 


Company. 


Street Address 
Civ Zone State 


reerrererner eee Oe Oe ee 
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Front Cover 


Multilayer Thin Film Circuits are being fabricated at IBM’s | 
Federal Systems Division’s Kingston Laboratories in cooperation 


with the U. S. Army Signal Corps Research and Development | 


Laboratory at Fort Monmouth, New Jersey. The circuit shown 
with its actual waveforms on the front cover consists of 18 evapo- 
rated layers on a 0.3 x 0.3 inch area. By depositions of nichrome 
for res‘stors, silicon monoxide for dielectrics and insulators, and 
aluminum for conductors, the seven passive components required 
by this basic NOR logic element are successively built up and 


interconnected on the glass substrate. When completed, the circuit, 


which operates up to 2.5MC, has a total film thickness of less than | 


900 micro inches. Potted chip transistors are integrated into the 
circuit as the active elements. 
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_ TO INSTRUCTION GATE 
AND REGISTER 


Typical n-junction matrix for 
n-stage matrix configuration. 
Fairchild 2N1613 transistors 
and FD200 diodes, used 
throughout, guarantee 
acceptable leakage, switching 
speed and conductance 
values up to 125°C. 


/NNSWIEIR 


TO COMPUTER MATRIX PROBLEMS 


LOW LEAKAGE TRANSISTORS AND FAST RECOVERY, LOW CAPACITANCE DIODES FROM FAIRCHILD 


TO INSTRUCTION GATE 
“AND REGISTER 


Approach to the ideal matrix. 2N1613 silicon transistors and FD200 silicon diodes from Fairchild are unique in making 
feasible the ideal matrix. They give you low leakage and low capacitance with high conductance and high speed, even 
at high ambient temperatures. These characteristics are combined only in Fairchild Planar devices. With them you can 
now largely ignore stray leakage or capacitance build-up across the matrix. Temperature effects and long-term per- 


formance decay are no longer critical. You can eliminate complex circuitry previously necessary in designing around 
these losses. : 


Fairchild’s Planar structure for transistors and diodes features the industry’s most advanced diffusion and surface 
passivation techniques. Current leakage is reduced to 10 mzA maximum (2N1613) and 0.14A maximum (FD200) at 
25°C. Maximum values at 150°C are 10uA and 100#A. 


Surface passivation also prevents significant degeneration of parameters during circuit life which could introduce error 


or failure in the matrix. This technique also lends itself to precisely controlled manufacture, assuring excellent product 
uniformity. 


2N1613 ELECTRICAL CHARACTERISTICS (25°C except as noted) 
Symbol Characteristic Min. Typical s Test Conditions 


hee D.C. Current Gain Io =150mA VcEe=10V 


Vee(sat) Sage Beturation : Ic =150mA 1g —15mA 


YCE(sat) ie : ee ie = 
Cob Collector 
Capacitance 25 uu 
! Collector Cutoff 10m A 
yg Current 104A 


FD200 ELECTRICAL SPECIFICATIONS (25°C except as noted) 
Symbol Characteristic Min. Typical 


Forward Voltage 100 mA 
Reverse Current 150V 
Reverse Current 
(150°C) 150V 
Breakdown Voltage 200 V 100nA 
Reverse Recovery lf =30 MA RE= 1502 
Time my sec lr =30 mA 
Capacitance 5.0uuF Vy=OV f-=1 me 
Rectification 
Efficiency K 100 mc 
Forward Voltage 1.8 mV/oC 
Temperature 
Coefficient 


A Wholly Owned Subsidiary of 
Fairchild Camera and Instrument Corporation 


SEMICONDUCTOR CORPORATION 
i 


545 WHISMAN ROAD, MOUNTAIN VIEW, CALIFORNIA ¢ YORKSHIRE 8-8161 e TWX: MN VW CAL 853 
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Philco 


announce 
the only | 


MICRO-I 


the industry’s first! | 


switching transistor 


1-1930 ... MICRO-ENERGY SWITCH... TO-18 CASE 


MAXIMUM RATINGS 
Storage Temperature ......... 100° ¢ 
Total Device Dissipation at 25°C .. 35 mw 


CHARACTERISTICS 
DC Current Amplification Factor, 
he (Vce=—0.20 v, Ie = —2 ma) 
Collector Voltage, Voce 
(Ie = —2 ma, Ig = —0.2 ma) 
Gain-bandwidth Product, fy 
(Vee =1¥, Ie = 1 ma) 


a 


The Philco T-1930 is a new concept in the design of switching 
transistors for high speed computer logic circuits! All internal 
device capacities are exceedingly small .. . and its static char- 
acteristics are optimized for operation at low collector voltages 
and collector currents. 

It will operate at 

pulse rates in excess of 10 me with collector currents as small 
as 1 ma from collector supply voltages as small as 1 V. 
This new micro-energy switch is of great importance in the 
design of ultra-reliable, high density, high speed equipment. In 
micro-energy circuits, the total device dissipation is reduced to 
an absolute minimum ...250 microwatts ...a prime considera- 
tion in achieving maximum reliability. The T-1930 is an im- 
portant step toward microminiaturization ... permitting high | 
packing densities without excessive internal heat generation. | 
For complete information write Dept. SP-860. 


PHILCO 


(Ee) Hemou for Quality the World. Over 


LANSDALE DIVISION « LANSDALE, PENNSYLVANIA 
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\TRANSISTOR TESTER 


MODEL 870 


Tests transistors as recommended by manufacturers at specified 


e checks Collector Saturation Voltage (Vee-sar) 


e provides low voltage, high current tests—excellent for switch- 


ing transistors ¢ controls provide maximum set-up flexibility 


combined with speed-engineered layout for volume testing of 


transistors ¢ Complete with roll chart giving test data for over 


1,150 transistors. 


HICKOK MODEL 
850 TRANSISTOR 
ANALYZER 


Tests under actual circuit 
conditions and is ideal 
for use asa‘‘breadboard” 
in transistor research 
and experimentation, 


The new Hickok Model 870 portable tran- 
sistor tester—fwo transistor testers in one— 
measures large signal DC Beta on power 
transistors as well as small signal AC Beta 
on low and medium power transistors. It 
features variable collector current and col- 
lector voltage. (Beta tests are meaningless 
unless tests are made at specified current 
and voltage values.) Collector test current is 
variable up to 2 amperes, permitting Beta 
measurement on power transistors rated at 
5 amperes or more. 


Write for complete details and 
specifications on Hickok Transistor 
Testers. Ask for Form TT-604. 


7970 -7960...FIFTY YEARS...ONLY THE FINEST 


THE HICKOK ELECTRICAL INSTRUMENT CO. 


10515 Dupont Avenue e Cleveland 8, Ohio 
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These 2 cleaning techniques at Allc 


your semiconductor preforms 


Vapor degreasing and ultrasonic cleaning—anything less would 
not fully remove surface contamination and insure preform purity. 


Pellets * Discs * Spheres + Dots * Rings * Washers ° Special Shapes + Solder Preforms 
Ribbon * Sheet + Foil * Bar * Wire + Clad Metals 


limited protect the purity of 


accident that Hamburg Tang’s laboratory coat 
ital white. It reflects the stress he puts on the 
of the preforms he makes as Chief Metallur- 
Alloys Unlimited. An achievement possible 
rough the use of vapor degreasing and ultra- 
leaning equipment. 

well he succeeds is confirmed by facts un- 
in a leading technical journal’s survey. (Name 
lest.) 
stioned as to whose preforms they prefer, the 


187 engineers involved voted Alloys Unlimited “first 
choice.” 

Asked, “What are the factors influencing your 
choice?” the engineers answered, “Quality,” “Purity,” 
“Cleanliness.” 

If preform purity is as important to you as it is to 
the engineers participating in this survey—and you're 
not already using Alloys Unlimited products—then dis- 
cover how switching can help improve your semi-con- 
ductor devise output. Write for complete information. 
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@ Altos 


UNLIMITED 
es 


21-01 48rd Ave., Long Island City 1, N.Y 


FROM 


GENERAL INSTRUMENT CORPORATION esigned 


RADIO RECEPTOR 
encapsulated 
subminiature 


SELENIUM DIODES § ". 
and RECTIFIERS dlbe 


SINGLE PHASE HALF WAVE: 50 PIV to 400 PIV, 12.5 MA D.C. output 
50 PIV to 400 PIV, 3.75 MA D.C. output 


cores | 
— 
in «86 
Se. 
ener 8 
—, 


DOUBLER es tees 50 PIV to 150 PIV, 12.5 MA D.C. output 
SINGLE PHASE CENTER TAP ............ 25 MA D.C. output 
SINGLE PHASE BRIDGE ............... 25 MA D.C. output 


Ideal for : 
ALARM CIRCUITS ¢ BIAS SUPPLIES 

ELECTRIC ORGANS *s ANALOG COMPUTERS 
RADIO « TELEVISION * RELAYS 

BUSINESS MACHINES e ELECTRIC GAMES 
ARC SUPPRESSORS « DC BLOCKING 
HEARING AIDS « SIGNAL CIRCUITS 

BATTERY CHARGING « DIGITAL COMPUTERS 
POWER SUPPLIES 
VENDING MACHINES 


and other applications where cost 
is an important factor. 


Additional information and e 
technical data on all 
these units is ready. 


Write today! 


Z 


Ze 
ZA 


RADIO RECEPTOR COMPANY, INC. 


Subsidiary of General Instrument Corporation 


240 Wythe Avenue, Brooklyn 11, N. Y., EVergreen 8-6000 


GENERAL INSTRUMENT CORPORATION INCLUDES F. W. SICKLES DIVISION, AUTOMATIC MANUFACTURING DIVISION, SEMI- 
CONDUCTOR DIVISION, RADIO RECEPTOR COMPANY, INC., THE HARRIS TRANSDUCER CORPORATION, MICAMOLD ELEC- 
TRONICS MANUFACTURING CORPORATION AND GENERAL INSTRUMENT — F., W. SICKLES OF CANADA LTD. (SUBSIDIARIES) 
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Revolutionary new 


MIP DAR/CLIPED 
Mich O/PMLIGELA reduces 


scrap loss 40%-50% 


Lom 
CC This amazing new slicing machine that semiconductor manu- 
facturers will insist on owning is now available through The 
DoALL Company, exclusive American licensee. An entirely 
new concept* in slicing friable materials, the I. D. Micro- 
Slicer is a spectacular advance over the conventional 
unsupported peripheral-type diamond sawing wheel. 
I. D. Micro-Slicer The principle employed is that of stretching a thin metal 
Principle of sawing. membrane radially until it is perfectly flat, rigid and true- 
running. Circling the open, inside diameter of this membrane 
is a diamond cutting edge. The crystal, positioned through 
the inner opening in the wheel, is sliced automatically. 
Because the cutting wheel is held accurately and stretched 
radially by a peripheral chuck mounting, its cutting edge 
LEGEND: 1.D. Micro-Slicer with .008-in. wheel need be only .006 to .010 in. thick. In conventional sawing it 
yields 50 wafers .012-in. thick per crystal inch. would take a wheel about .016 in. thick to slice .012-in.-thick 
Conventional Slicer with .016-in. wheel yields 3 ; a : 
25 Fiwokar: Olan thek per cel heh: wafers. The I. D. Micro-Slicer, using an .008-in.-thick wheel, 
reduces kerf loss 50 per cent! This is potential profit you now 
are slicing away. So investigate this amazing new machine 
and step up your productivity. 


TYPICAL YIELD CURVE 
FOR .012-IN.-THICK WAFERS. 


| 
] 


| 
i | *U.S. Patent 2,713,339. Canadian Patent 551,690. 
Conventional Slicers | 
| | hates area shows typical increase of usable wafers per in. of ingot on I. D. Micro- 
! 


{— 4 1 —_}—__}—___} 
005 010 015 020 025 030 


Slicer. Significant additional savings also result from reduced crystal production, 
fewer orientations, less lapping and fewer mountings for the same output. 
WHEEL THICKNESS (IN.) 


Semiconductor manufacturers 
obtain maximum productivity 
by specifying DoALL 


Four new Microtom-atic® machines to pro- 
vide lower cost production are now available 
from DoALL. These new models cover the 
full range of semiconductor sawing from 
high-production, accurate wafering to low- 
production laboratory applications. 

Models MTA-612 and MTA-70 are 
offered with repeat index accuracy guar- 
anteed within +.0002 in. Model MTA-60 
is offered with repeat index accuracy guar- 
anteed within +.0005 in. Model MTM-612 
is offered as a manual index slicing machine 
for seed cutting, dicing and research 
applications. 

Regardless of the application, Microtom- 


atic machines at competitive prices are your N 4 § ; 
New manual Microtom-atic best machine tool buy. ew high-production Microtom-atic 


Model MTM-612. Model MTA-70, 


See these sensational machines demonstrated at the Wescon 
Show in Los Angeles and the Machine Tool Exposition in Chicago 


The DoALL Company, Des Plaines, Illinois 


Call Your DéALL Sales-Service Store 


Machines ond Blades Surface Grinders 


ypical DoALL Store MACHINE TOOLS CUTTING TOOLS MEASURING INSTRUMENTS SHOP SUPPLIES 
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NEW LOOK TO 
CUSTOM WELDS 


It’s the Sylvania look. The 
look of precision. The look 
of uniformity. Of welds mass- 
produced to close tolerances 
and at low costs. 


Sylvania welding facilities and 
experience pay more than the | 
normal dividends for semicon- | 
ductor manufacturers. Weld- 
ing specialists work with you 
to determine the materials and 
design best suited to your 
needs. They then apply hand- 
weld, semiautomatic or fully 
automatic production tech- 
niques to meet your delivery 
requirements. And at Sylvania 
unique quality control is ap- 
plied throughout. 


Results: high-volume weld 
availability, high strength — 
priced to suit your budget. 


For all kinds of semiconductor 
device components—welds, 
cans, headers, connectors, and 
alloy cuts and leads—you'll 
find you can brighten your 
quality and profit picture with 
Sylvania. Parts Division, 
Sylvania Electric Products 
Inc., Warren, Pennsylvania. 


Subsidiary of GENERAL TELEPHONE & ELECTRONICS 
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INTRODUCING the Newest Addit, 
(0 Our Lines 


NEW Precision 
fe Features 
in the 

All New 


Miro bette 
PRECISION WAFERING MACHINE 


MODEL WMA-2 


NEW Hydraulic 
System 


Designed For 
Indexing 
Accuracy 


Check all these of +0001" 
PLUS features: 


@ Indexing accuracy of +.0001”. @ New compact design for space economy. 

@ Faster indexing cycle results in larger produc- @ New simplified push-button station incorpor- 
tion. ating both automatic and semi-automatic 

@ Infinitely variable indexing increments up to cycling. 
BoU0 


: @ Convenient location of table travel adjust- 
e@ Improved table drive system. ment. 


Send New Micro-Matic Self-Compensating Indexing System 


for “ wer . 
ierthure assures continued accuracy and minimum maintenance. 


MICROMECH MANUFACTURING CORP. 


A Division of Sanford Manufacturing Corp. 


1020 Commerce Avenue Union, New Jersey MUrdock 8-6323 
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Super-dry 
-100°F. 
dewpoint 


or better- 
at low cost 


with 
Trinity Héat-Les pRvERs 


Super-dry air from plant air supply, or super-dry gas for 
reliable, jow-cost dry-box purging. Dewpoints of —100°F or 
better are possible with the proved-in-service Trinity Heat-Les 
Dryer. Here is a positive, yet economical step toward greater 
dependability and performance in semiconductor products... 


TRINITY UNITIZED 
DRY AIR SYSTEMS 


Currently used by many of the leading semiconductor 
manufacturers, Trinity Unitized Dry Air Systems offer completely 
packaged, completely independent sources of dry air with 
dewpoint of —100°F or better for the purging of dry boxes or 
other equipment. Heart of the System is 

the famous Heat-Les Dryer which is 

combined with an i | 

engineered package 

of compressor, 
accumulator and 
instrumentation. 
Standard units com- 
pletely engineered 
and ready for opera- 


tion save you money. wRiTE FOR COMPLETE INFORMATION 
AND SIZING GUIDE... 


World leader in dry gasyair systems 


Heat-Les Dryers @ Heat-reactivated Dryers 
Thermocouples and Thermowells 


TRINITY EQUIPMENT CORPORATION, CORTLAND, NEW YORK 
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Book 


TITLE: Experiments in Electronics 
AUTHOR: W. H. Evans 


PUBLISHER: Prentice-Hall, Englewood ! 
Cliffs, N.J. 


Experiments in Electronics is a collec- 
tion of 100 laboratory experiments re- 
ferring to fifty topics in electronics. The 
materiai covered in these experiments . 
covers a very logical range and it may be 


assumed that these experiments would | 


be given in conjunction with an under- 
graduate course in electronics. There are 
two experiments presented per topic, 
each presenting a slightly different point 
of view and in general requiring slightly 
different laboratory setups. 

The sequence of the material is also 
in logical order. The first experiments 
deal with measuring circuits and vacuum 
tube theory, followed by amplifier and 
oscillator applications. Modulation and | 
demodulation, noise, frequency conver- 
sion are next treated, with the conclud- 
ing experiments dealing with pulse cir- 
cuitry, diode clamping and _ transistors. 
The material presented on transistors is 
perhaps illustrative of the type of cover- 
age. Bias stabilization, various configura- 


tions, feedback amplifiers, flip-flops, IF — 


and RF amplifiers are all considered. 


Each experiment is carefully prepared | 
with an introduction outlining purpose 


and theory, a preliminary computation a 
setup and data-taking procedure, a con- 
clusion and a list of materials and refer- 
ences. The student records data as in- 
structed and presents this information in 
the form required to illustrate the ob- 
jective. 

Experiments in Electronics is a very 
useful book for any laboratory since 
many techniques and procedures for data 
gathering are presented here in a clear 
form. As an engineering text this book 
will undoubtedly fulfill a need, provid- 
ing a clear concise and accurate labora- 
tory procedure as an aid to teaching 
electronics. 


TITLE: Standard Handbook for Electrical 
Engineers, Ninth Edition 


AUTHOR: Staff of Specialists. Edited by 
Archer E. Knowlton 


PUBLISHER: McGraw-Hill, New York 
The Standard Handbook for Electrical 


Engineers is the ninth edition of a book 


first published in 1907. As might be well 


expected, the book has grown to a mam- | 
moth 2,230 page encyclopedia of facts, | 


figures, tables, charts and text. 
The book tends to stress more of the 


power applications of electrical engineer- | 


ing than the electronic, however, many 
electronic aspects of engineering are well 
covered. One example might be found in 
the excellent presentation on transistor 


electronics and the section by Donald | 


Fink on Radio Communications. The very. 
adequate and up-to-date bibliography to 
be found at the end of each section refers 


| 
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Reviews 


the reader to very detailed treatments of 
the material covered. The Handbook con- 
tains twenty-six sections covering basic 
units and applications to a multitude of 
problems. There are sections on Materials, 
Transformers, Generators, Power Trans- 
mission, Wiring, Illumination, Radio, 
Radar and Carrier Communication, to 
mention just a few. 

The Standard Handbook for Electrical 
Engineers is a very basic and necessary 
reference book for the electrical engineer. 
Almost any question in the power field 
ean be answered. In addition, the material 
dealing with electronics is well presented 
and valuable for basic work. The book is 
well written and very well indexed. 


TITLE: Introduction to Matrix Analysis 
AUTHOR: Richard Bellman 
PUBLISHER: McGraw-Hill 1960 


An Introduction to Matrix Analysis is a 
book thoroughly covering modern matrix 
theory. Matrix theory is quite useful in 
the statement and solution of network 
and field vector problems and is a par- 
ticularly useful tool in transistor circuit 
work where the gain and impedance 
equations, as well as the interrelation of 
parameters in the various configurations, 
may be handled as matrices. 

The first chapter studies the problem 
of obtaining the local maxima and min- 
ima of a function of two variables. This 
is expanded in the second chapter for 
the problem of N variables and the defi- 
nition of a vector as a set of N complex 
numbers follows. This then leads to vec- 
tor notation and matrices. Various oper- 
ations and types are considered and sev- 
eral theorems are developed. 

Chapters 3 and 4 discuss various im- 
portant simplifications of matrices to fa- 
cilitate handling such as diagonalization 
by means of an orthogonal transformation 
and simultaneous reduction. Chapter 5 
entitled, “Constrained Maxima” considers 
the case of a variable lying simultaneous 
on a set of planes leading to many prac- 
tical matrix forms and theorems. 

The balance of the volume covers two 
more general topics, namely, matrices 
and differential equations and positive 
matrices as used in probability theory 
and mathematical economics. There is a 
complete discussion on the kronecker 
data. Stability Theory, Explicit Solution 
and Canonical Forms are but a few of 
the chapter headings. 

Introduction to Matrix Analysis is an 
exceptionally valuable book presenting 
the complex study of matrices in a 
highly understandable form. The chap- 
ters are followed by numerous exercises 
and each chapter contains a useful bibli- 
ography referencing proof methods. This 
book will undoubtedly find its place as 
a modern mathematical text. 


By Stephen E. Lipsky 
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HI-PURITY...HARD-DENSE 
CARBON and GRAPHITE for 


& WN nw 


@ PROVIDES OUTSTANDING 
OVEN LIFE 


@ RESISTS OXIDATION AND 
MECHANICAL EROSION 


The Pure Carbon Company has com- 
plete facilities for the precision man- 
ufacturing of all types of boats and 
fixtures in *Grade L-56 and other out- 
standing materials. We have also pio- 
neered the manufacture of small, 
extremely accurate emitter and collector 
washers, header weights, etc., in ** Grade 
P-1. 

"The most widely 
used electro-graphite 


in the semi-conduc- 
tor industry 


**Molded - to - size carbon 
graphite with dense, smooth 
surfaces and chip-free edges 


7 


EMITTER and COLLECTOR WASHERS 


hell 


Sectional view of 
typical configuration 
shown 20X size 


Write for complete information and quotations 


PURE CARBON COMPANY, INC, 


449 HALL AVE. ST. MARYS, PENNSYLVANIA 
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You’re in business to produce quality devices, not rejects! 


One cause for low yields may be due to the use of com- 
pensated silicon crystals. With such compensated mate- 
rial, impurities can change from crystal to crystal and 
such changes are undetectable with standard control 
techniques. 


You can deal with a known quantity by using Merck 
Float-Zone Refined Single Crystal Silicon . . . IT’S UN- 


COMPENSATED. Phosphorus-doped Merck Crystals 
contain less than one boron atom per six billion silicon 


Electronic 


atoms. Boron-doped Merck Crystals contain less than 
one atom of phosphorus per ten billion silicon atoms. 


Why settle for anything less than Merck purity? Help 
eliminate worry over costly rejects. Know what you’re 
buying. Next order, specify Merck for Single Crystal 
Silicon. Write, wire or phone today for specifications. 


Chemicals Division as (fi 
MERCK &CO.,Inc. - RAHWAY. NEW JERSEY’ 
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LOW Iceo, MEDIUM FREQUENCY, MEDIUM POWER—these and other characteristics make 2N597- 


598-599 really valuable to the circuit designer. Prompt delivery in excellent quality, at reason- 
able prices. Clare talents and production capabilities combined...make these ‘‘hard-to-make”’ 
PNP germanium alloy devices easy to buy. Get started now...ask 

for specifications today. Contact your nearest C. P. Clare and 

Company Sales Office or C. P. CLARE TRANSISTOR CORPORATION, 

260 GLEN HEAD ROAD, GLEN HEAD, L. |., NEW YORK. 


See us at WESCON-—Booth 905 
2N597, 2N598, 2N599—Characteristics at 25°C 


2N597 
2N598 
2N599 


Max. 
Diss. 
250mw 
250mw 
250mw 
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- TRANSISTORS 


Max. Rated 
Vos 
—45Vdce 
—35Vde 
—30Vdc 


DISLOCATION 
DENSITY 
CONTROLLED 


<€ 2,000 ETCH-PITS/ CM? 


< 5,000 ETCH-PITS/ CM? 


€ 12,000 ETCH-PITS/CM? 


IN GERMANIUM CRYSTALS FROM SEMIMETALS 


If you produce diffused junction devices such as 
power transistors, you'll find our 5,000 max. 
etch-pits/cm? crystals give you richer yields in 
the production mix and better performance from 
finished devices. We also make the more usual 
6-12,000 dislocation range, and can produce 


special quantities of 2,000 maximum range. 
Standard orientations are (110) and (111); other 
orientations can be produced to your specifica- 
tion. All crystals doped to your requirement, held 
within tight resistivity tolerances, and delivered 
on schedule. 


In addition, we offer germanium in cast or monocrystalline form for infrared applications. 
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METALS, INC. 133-20 o1st AVE., RICHMOND HILL 18, N.Y. AXTEL 7-0200 


Circle 20 on Reader Service Card >» 


SEMICONDUCTOR PRODUCTS e AUGUST 1960 


Pressure Cartridge Deionizer 
Delivers 18-22 megohm Water 
at Point of Use 


The Penfield PM-8 is a monobed deion- 
izer that ‘polishes’ ultra-high purity 
make-up and rinse water at point of use. 
Unique design of top distributor and 
collector well permits flows up to 50 
GPH at less than 4 Ib. pressure drop — 
holds exchange efficiency at 100%. 
Built entirely of plastic to eliminate 
metallic contamination. Sump is clear, 
allowing visual inspection of exchange 
resins. Cartridge unscrews by hand for 
easy resin replacement. Unit also can 
be used as cation exchanger, anion ex- 
changer, water softener, activated car- 
bon filter, oxygen remover or organic 
scavenger. 


Write for fully descriptive PENFIELD 
PM-8 DEIONIZER catalog sheet. 


Weir Washer ‘‘Polishes’’ Cascading Water 
to 18-22 megohms with Instant Monitoring 


Integral filters and pressure-type 
monobed deionizers enable circula- 
tion of ultra-high purity water 
(18-22 megohms) through multiple- 
partitioned tanks. Parts are trans- 
ferred counter-current to flow 
pattern, with each cascade contain- 
ing purer water. Special weir 
design insures that no stagnation 
can occur. Direct-reading conductiv- 
ity meter, controlled by rotary 
switch, permits instant monitoring 
at three check points — influent, 
deionizer effluent, 
tank effluent. Novel 
clip bar makes re- 
placing heating ele- 
ments simple, 
obviates need to 
empty tanks. 


Write for fully 
descriptive 
PENFIELD 
WEIR WASHER 
catalog sheet. 
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CR SCS SEHSHEHE SHEESH HEH SHEESH SEHHEH SHEESH SHEESH EHEHEHH HOES 


FROST HS SEH HEHEHE H HEHEHE SEH SHEER SHEE HEHEHE HHOHS SORE EOD 


Resin Separator and Regenerator Saves 


up to 90% of Costs of Deionized Water 


Simplifies Handling of Miniscule Parts 


Developed for use in conjunction with multiple 
installations of Model T-20 and Model PM-8 
deionizers, a Penfield Regeneration Bench 
makes renewal of exhausted resin charges a 
simple in-plant function. Operator needs only 
feed resin into unit, form a slurry, then turn 
master control switch to each cycle — resin 
separation, regeneration, rinsing and proper 
re-mixing. Capacity is two cubic feet, cycling 
time about two hours. Average operating cost, 
including labor and all material, is less than 
30c per cartridge — up to 90% saving over 
outside service. 


Write for fully descriptive 
PENFIELD REGENERATION 
BENCH catalog sheet. 


Revolutionary 
Eductor-Tube Device 


New Penfield Pickup makes handling of minute particles a sim- 
pler, less costly operation. Exclusive design uses air or inert 
nitrogen forced through a special eductor tube at 1-2 psi. Nega- 
tive pressure is created at pick-up point (where standard hypo- 
dermic needles are attached) sufficient to hold germanium, 
silicon or other miniscule parts. To release the held particle, 
operator merely finger-stops an orifice in the pickup, thus creat- 
ing positive pressure. Use of Penfield Pickups eliminates all foot 
switches, solenoids and costly vacuum equipment — also does 
away with troublesome plugging problems. 


Write for fully descriptive PENFIELD PICKUP catalog sheet. 


West Coast Representative: 
ELMEC SALES, 
1921 University Ave., Palo Alto, Cal 


MANUFACTURING CO., 


INC. 


INC. 
19 HIGH SCHOOL AVENUE, MERIDEN, CONN. 
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VOLUME SEMI-CONDUCTOR PROCESSORS 


AUTOMATIC DIODE 
and 
TRANSISTOR TESTING EQUIPMENT 


from 
DI-TRAN CORPORATION 
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Automatic Diode Tester 
Model 3002 


WAM 


For the volume semiconductor producer. 


Multilevel grading capability. 

3600 units per hour. 

Seven test station capacity. 

Room temperature or elevated temperature tests at 50° 
to 200° C. 

Fully automatic. 

Hopper fed. 

Type classification in one of 15 groups. 


For the yolume semiconductor user. 


2000 diodes per hour or 1000 transistors per hour. 
GO, NO-GO test. 


Eight test station capacity (providing up to 32 individual 
tests). 


Fully automatic after hand loaded. 


ae 
oP HEIR CORPORATION 


11307 Hindry Ave. Los Angeles, California 


SUCCESSOR TO CAL-TRONICS CORPORATION 


SGA 


EAA 


Combination automatic Diode and 
Transistor Tester 
Model 3013 


LTTE CRELELECLARLELUL 


All Di-Tran systems include the 
following capabilities: 
Leakage current measurements to .001 microamp. 
Saturation voltage measurements to 1000 volts VDC. 
System insulation resistance 4 x 10° ohms. 
Automatic Alpha.. measurements to 50 MC. 
Capacity measurements 0.1 mmfd. to 300 mmfd. 
IBM Y recovery measurements. 
Contact resistance less than .007 ohms. 
System design compatible with either static or dynamic 


AATUUTPELERTEURTERLUHT EEE 


_——— 
test requirements. = 
Automatic test equipment designed for reliable diversi- = 
fied applications. = 


e 
Reduce Your Testing Cost Through 
Automated Diode And Transistor 
Testing 


Sa 
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What prompted engineers at Western Electric’s Laurel- 
dale, Pa. plant to use an Alpha gold alloy preform? What 
made them think it would successfully join their silicon 
device to the molybdenum base? 

Simply this: 

Gold wets silicon and molybdenum well. Antimony 
insures the device’s retention of its n-type charac- 
teristics. The preform Alpha fabricated to Western 
Electric specifications contains both gold and antimony. 

This Alpha Goldform meets Western Electric require- 
ments in other ways, too: 


1, It is made from foil just .0005” thin. 


2. It is cup-shaped and kept to extremely close toler- 
ances; walls fit snugly against the molybdenum 
base, assuring positive wetting. 

3. It is available in production quantities. 

Western Electric is typical of the many successful 
diode and transistor producers who use Alpha gold alloy 
preforms as a high temperature solder. They employ 
Goldforms for attaching wafer to base tab or for making 


electrical contact between leads and 
studs. 

Alpha specializes in formed parts 
of gold and gold alloys in a variety 
of shapes: spheres, washers and 
discs. Typical of the precision and 
miniaturization of Alpha Goldforms 
are washers with an .020” id. and a 
land of .005”. 

Get complete information on 
Alpha gold alloy preforms. We'll also 
send you free phase diagrams on 
alloys of gold and other metals. 
Write today! 


Alpha gold cup over 
molybdenum disc be- 
fore fusion. Illustration 
15 times actual size. 


In Los Angeles, Calif. 
2343 Saybrook Ave. 
In Chicago, III. 
Alphaloy Corp. 

2250 S. Lumber St. 


WHEN DEPENDABILITY COUNTS: 


ALPHA METALS, INC. 


56 Water St., Jersey City 4, N. J. 


Other Alpha products: high purity dot materials of alloys of silver, indium, cad- 
mium, tin and lead in shapes fabricated to your requirements. 
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Making Metals Behave... 


Western Electric bonds hard-to-join molybdenum 
base into silicon device with Alpha Goldforms 


NOW.. ..every volume tester ots sem conductor: 


devices can profit with SPIZAFRALP 


CTl's Sequential Mechanism for Automatic Recording and Testing) 


This new automatic testing-recording system offers 
you greater speed, more consistent accuracy, and lower 
unit testing costs than are obtainable by any hand testing 
means. Whether your requirements are Engineering 
Studies, Quality Assurance, Quality Control or Reliability 
Testing of semiconductor devices, SMART will add 
- greatly to the efficiency of your operation. 
_ The standard SMART machine enables you to meas- 
ure up to 16 different d-c parameters of a transistor or 
other semiconductor device and record these data within 
seconds. A minimum time of .5-second is required to 
ch parameter and an additional .2-second records 
elligence on an IBM 526 Summary Punch or other 
digital recording device. Using all 16 parameters, of 
course, 300 transistors may be tested per hour; however, 


fewer parameters would be desired on most testing runs 
and upwards of 500 semiconductors/hour could be han- 
dled easily. 

Sixteen programming modules permit you to skip, hold, 
or delay individual tests as well as control the level of 
biasing supplies. You may record actual parameter values ! 
or set the machine for rejection limits only. Overall sys- 
tem accuracy is 1% of full scale readout. : 

The highly versatile SMART, with auxiliary consoles, 
may also be used for small signal h parameters; pulse, 
high frequency and power testing; and with environmental 
equipment in many types of factorial analyses. Also, the : 
system may utilize scanning units for production runs, , 
thus adding another high speed automatic feature. 

Request Bulletin A-701 for additional information. To 
solve your specialized testing problems on electronic com- 
ponents such as transistors, diodes, capacitors, resistors, , 
and inductors, call TI’s experienced application engineers. . 


TEXAS INSTRUMENTS 


INCORPORATED 


GEOSCIENCES & INSTRUMENTATION DIVISION 


3609 BUFFALO SPEEDWAY * HOUSTON 6, TEXAS 
CABLE: TEXINS 


Be sure to see the SMART Machine 
at the WESCON SHOW 
August 23-26 


Now! Most efficient way 
to refine germanium scrap 


You save over half your initial germanium costs when you 
end scrap back to Sylvania for refining. Save personnel costs. 
ave time. Save heavy costs of equipment (even over the 
ong run)! And you save even more with proper attention 
0 collection and preparation of scrap. On top of it all, you 


yet the unequaled facilities, specialized experience and know- ¢ 


iow only Sylvania can give! 


[he Sylvania process is quick. Efficient. Thorough! It is not 
i ““batch”’ process. Ends, heels, sludge—a// go through the 
ame chemical processing as virgin metal. 


Now, because Sylvania has improved and expanded its 
facilities, we can offer complete service in an average of two 
weeks — often less (from the time we receive scrap to ship- 
ment of refined material)! 


Sylvania is also equipped to do custom zone refining. In 
many cases, this service can be provided at prices well below 
the device manufacturer’s own costs. 


You owe it to yourself to get further information on savings 


through Sylvania. For the facts, write Sylvania, Chemical 
& Metallurgical Division, Towanda, Pa. 


Subsidiary of GENERAL TELEPHONE & ELECTRONICS Gs) 
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THE GOALis microelectronics. THE PROBLEM is to provide microminiature circuits which are more reli- 
able...smallerin size...lighter in weight... lower in cost...than conventional components. THE SOLUTION 
is Solid Circuit* semiconductor networks—a new and rapidly expanding field at Texas Instruments. 


This wide-ranging project —the opening of a true frontier — 
requires continuing and new investigations. Explorations involve such 
techniques as solid state diffusion, alloying of metals and semiconduc- 
tors, vacuum deposition of metals, semiconductor surface chemistry, 
solid state physical measurements. Immediate creative application of 
skills in various sciences is required: solid state physics, physical 
chemistry, inorganic chemistry, metallurgy, electronics, and mechan- 
ical engineering. 

The need is for the scientist or engineer sufficiently experienced 
that he can explore this project from his own viewpoint and make 
immediate, significant contribution. Depending entirely on his own 
qualifications, he may either join a semiconductor network team — 
or he may take charge of such a group. The opportunity for leader- 
ship — whether immediate or in the future — is here. 

The desire to see the full semiconductor technology... curiosity 
concerning both circuits and devices...the ability to direct and 
inspire...these drives will advance the scientist at TI. 

*Trademark of Texas Instruments Incorporated. 


INTERVIEWS are scheduled for your {[succeeo 
area. If the challenge and opportunity of IN THE 
the semiconductor network field at TI tits 
intrigues you, please send a confidential 
resume immediately to C. A. BESIO, 
Dept. 129. 


(e) 


TEXAS INSTRUMENTS 


INCORPORATED 
® 


SEMICONDUCTOR - COMPONENTS DIVISION 
POST OFFICE BOX 312 * DALLAS, TEXAS 


ate 


22 


This —in actual size —is 
an interconnected stack of 11 
semiconductor networks. Solid 
Circuit semiconductor net- 
works are complete electronic 
circuits synthesized within a 
semiconductor material. By 
selectively diffusing and shap- 
ing conductance paths in this 
material, semiconductor net- 
works have been designed to perform such 
circuit functions as amplification, switch- 
ing, counting, pulse generation, etc. In 
addition to effecting a significant advance 
in microelectronics, semiconductor net- 
works provide improved reliability and 
performance. This TI development is now 
producing devices which are being evalu- 
ated for satellite, missile and airborne 
applications. 


TEXAS INSTRUMENTS INCORPORATED 
Semiconductor-Components Division 
Box 312, Dept. 129, Dallas, Texas 


mation on living in Dallas. 


NAME 

ADDRESS. 

OPT Y aes Oa Ses ES AR 
My professional field is. 


My specialty is. 
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Please send me the booklet TIPS containing details 
on career openings in my field at TI S-C and infor- 


no 
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The Autosonic by Powertron is the world’s only | 
full line of ultrasonic cleaners with the self tuning 


| feature, that assures you of consistent peak perfor- 
' mance cleaning regardless of load changes, solution 
level, liquid temperature, solvent contamination, or / | 
_ operator inattention. 
Powertron’s unique feedback transducer senses 
the energy level in the cleaning tank and automati- i 


cally tunes itself for maximum cleaning efficiency. | 


.: Every change in operating conditions is sensed by 4 
4 the Autosonic transducer and is immediately com- i 
; pensated for to keep cleaning performance at its 4 
peak continuously without operator attention. 

\ Powertron Autosonic cleaning systems are high | ~ 
; . power, heavy duty units, ruggedly constructed for |; 


continuous operation on any cleaning job—even .~ 


; those that other ultrasonic systems can’t handle. 4 
A single switch is the Autosonic’s only control, | 
| so careless operation can't affect the rate or degree : 

of cleaning. Because Powerton’s advanced design | v4 
_ has eliminated knobs, meters and moving parts, even ; 
' mishandling, such as no-load operation, won’t | 


damage the Autosonic. Every Autosonic cleaner ts 
unconditionally guaranteed. 


Powertron’s new line of self tuning ultrasonic cleaners CUT Powartyon's eampplate lve of Adtusoilc aieaieeme 
CLEANING TIME 300% over outmoded ultrasonic systems. includes tank models from 2 gals. to 100 gals.” 


i , z s cabinet models, immersible transducers, degreasers | 

Case histories on file show up to 900% faster cleaning and accessories, competitively priced and available | 
consistently, and savings of $3,000 a month in labor costs from Stock. Whatever you want to clean can be 4 

— details on request. Powertron will be glad to show you how your 
cleaning problem can be solved Autosonically. | | 
Simply describe your application, or send a sample | "« 
of the item you want to clean, and Powertron will 
send you proof that the Autosonic can increase your, 
output, cut production time, and increase your pro- | 4 
| 
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‘ fits. If you prefer, send for details on Powertron’s 
free trial offer. 


WRITE FOR FREE BULLETIN 60-1 
POWERTRON'S COMPLETE LINE OF AUTOSONIC CLEANERS INCLUDES «HOW TO CLEAN ULTRASONICALLY 


NOW TO 
CLEAN 
ULTRASONICALLY 
wirw 
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TANK MODELS, CABINET MODELS, IMMERSIBLE TRANSDUCERS, 


DEGREASERS AND COMPLETE PROCESS SYSTEMS. WITH SELF TUNING” 


POWERTRON ULTRASONICS CORP. 
DEPT. SP-8 PATTERSON PLACE + ROOSEVELT FIELD * GARDEN CITY, L.I., NEW YORK * PIONEER 1-3220 
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For the past twenty-five years KAHLE has 
supplied machines to Lamp and Tube manu- 
facturers, and to Semiconductor Manufac- 
turers for the past seven. KAHLE’S long and 
varied experience might well prove to be a 
prompt and effective solution to your pro- 
duction problems. 
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FULLY AUTOMATIC 
GLASS DIODE CAT-WHISKE 
WELDING MACHINE 


NUMBER 3349 


~ 


The latest in a series of machine 
designed and built by KAHLE tox 
meet the requirements of the expand-l 


ing semiconductor industry. 


YmoOO=-0 HUPFO Fr> 307 


K AHELE 


ENGINEERING COMPANY 
3322 Hudson Avenue, Union City, New Jersey 
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Editorial .. . 


Semiconductor Products Magazine— 
its Objectives, and Whom it Reaches 


In its initial Editorial, in the Jan/Feb issue, of 1958, 
Semiconductor Products stated its objectives as 

follows: 

1) To provide current and authoritative informa- 
tion pertaining to the semiconductor industry 
and to the scientific personnel engaged in this 
industry. 

2) To provide a medium for scientists (and engi- 
neers) to transmit their ideas, developments and 
investigations. 

3) To provide a reportorial service wherein we will 
present helpful facts, figures and information 
from authoritative sources (to scientists and 
engineers). 

These objectives apply to the entire semiconductor 
industry; those engaged in materials research, manu- 
facture and applications, those engaged in device 
research and manufacure, and those engaged in the 
design of equipment using these devices. To sum- 
marize, we service the entire-semiconductor industry, 
from the raw materials to the ultimate device appli- 
cations. 

Reference to our editorial content will reveal a 
representative distribution of authoritative articles, 
charts, and departments dealing with these three 
areas of the semiconductor industry: materials, de- 
vices, and applications. Our readership, also, is fairly 
evenly divided among foremost engineers and scien- 
tists engaged in these three areas. 

Companies which contemplate advertising in our 
publication should be aware of our objectives and our 
coverage. It is advisable that they know the facts 
before making decisions, one way or another, in using 
Semiconductor Products Magazine as a source of mer- 
chandizing their products. 


Avalanche Breakdown Phenomena 
in Semiconductors 


In recent years we have witnessed a greatly in- 
creasing interest in the avalanche breakdown phe- 
nomena which take place in reverse biased p-n junc- 
tions. These phenomena have already found several 
important applications in the electronic techniques, 
although they are not yet completely understood. 

The first description of the avalanche breakdown 
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in reverse biased p-n junctions was given by McKay 
and McAfee in 1953. In particular, McKay, using a 
current injection method consisting of the use of a 
light pulse and of the associated photoelectric effect, 
was able to derive an empirical law for the “multipli- 
cation factor,’ which is still currently adopted. 

Several authors have pointed out the importance 
that the presence of imperfections has on the charac- 
teristics of the avalanche breakdown phenomenon. In 
fact, it is known that the current tends to flow through 
the many discrete small spots corresponding to such 
imperfections. An elegant method of detection of such 
characteristics is obtained by examining the light 
emission which accompanies the recombination of high 
energy holes and electrons. This can be seen using a 
very shallow diffused type junction. The light emission 
is spotty and increases rapidly with the current; on 
the other hand the multiplication factor seems to be 
larger for lower input levels, as if a saturation effect 
took place. Finally, the breakdown is generally ac- 
companied by noise, having a wide frequency range 
and depending on the instability of the discharge 
points. 

The effect of the imperfections of the p-n junction 
has been investigated more recently (R. L. Batdorf, 
A. G. Chynoweth, G. C. Dacey and P. W. Foy) —Jour. 
Appl. Physics, Vol. 31, 1153 (1960). This has been 
obtained by constructing junctions of small areas in 
material relatively free from dislocations. The experi- 
mental evidence indicates that the current voltage 
characteristic is much smoother in the case of uniform 
junctions; furthermore, the breakdown voltage is 
higher than in the case of ordinary junctions. This 
suggests that the empirical formulas of McKay, for 
the multiplication factor and for breakdown voltage, 
which related the latter voltage to the resistivity of 
the material and to the junction width, might be re- 
vised for application to the homogeneous case. An- 
other interesting result is that the light emission tends 
to be more uniform and diffused in the case of junc- 
tions free of dislocations; its intensity still varies in 
the same manner with the current, increasing rapidly 
with it. Perhaps some day this result will find utiliza- 
tion in practice for the construction of luminescent 
displays. 

Finally, the noise phenomena seem to be connected 
strictly with the dislocations, since they tend to disap- 
pear in the case of perfect junctions. 


Samuel L. Marshall 
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How to Actually Save Mone 


—— 
———=—=—=——— 


While Improving Your Transistors 


Ulira-Pure Graphite 
parts give longer service... 


.. help drop your 
reject rate... 


+ + + improve your 
“total” product. 


Experience 
for the asking... 


Semiconductor processing boats or other parts made from 
United Ultra-Pure Graphite cost slightly more — say 5% to 
10% — than those made from ordinary graphites. But — and 
this is essential — United Ultra-Pure parts have given up 
to 50% longer service ... plus a better end product! 


Why? First, United Ultra-Pure Graphite doesn’t oxidize as 
fast. Using the famous ‘“‘F” process (developed at United), 
the graphite is of near-zero contamination . . . being the 
purest you can obtain commercially in respect to heavy metals 
and boron. When boats are pulled from a hot furnace out 
into the air, United’s Ultra Pure Graphite has far less ten- 
dency to oxidize and wear. You get more “rides” from 
United Ultra Pure Graphite boats... you cut down on heavy 
replacement costs. 


You know the cost of a high reject rate can be a profit-killer. 
United’s Ultra-Pure Graphite assures greater crystal purity. 
Purer crystals, of course, lead to fewer rejects. Then, as crys- 
tal quality improves, there’s the matter of your reputation 
for making the “best”... and, in this busy business, a repu- 
tation for making the “‘best” can make you millions! 


The hardest thing to buy in the semiconductor field is experi- 
ence... yet with every United Ultra-Pure boat you buy you 
get this priceless “plus.” Probably no other supplier can match 
United’s years of specialized experience in high-precision, 
close-tolerance machining of parts. For the semiconductor 
industry — specifically — our R&D on graphites has gone 
hand-in-glove with advanced machining developments. We 
afford you the utmost sophistication regarding precise surface 
finishes . . . dimensional tolerances . . . multiple inspections. 


These advantages .. . these savings . . . this backlog of 
specialized experience ... are all yours for the simple ask- 
ing. Write for our new Semiconductor Graphite Catalog 


or spell out your particular problem — we'll act fast and 
with no obligation. 


carbon products co. 
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A Transistorized High Speed 


Sequence Generator 


CARL DAVID TODD* 


An electronic circuit capable of generating multiple pulses in time sequential order is 
described. An all-electronic approach utilizing silicon transistors and diodes in binary 
functions allows performance over a wide range of temperature with excellent immunity 
to vibration effects or physical position. Operating speed is determined by a clock pulse 
input whose repetition rate may extend from a verly low value to some 350 kilocycles 
per second. The sequence generation may be fully synchronized with other functions. 
Output sequence pulses may be combined to form overlapping time control pulses. 


cuits in a sequential manner, such that the opera- 

tion of one circuit has a definite and fixed time 
relationship to all other circuit functions. At rela- 
tively low speeds, stepping relays or relay trees may 
be used to perform this timing or sequence control 
operation. Under conditions of severe vibration, ac- 
celeration, or if a high rate of speed is required, an 
all electronic approach is necessary. One possible 
technique is presented in this article. 


[: IS FREQUENTLY DESIRABLE to control various cir- 


Basic Circuit 


A block diagram describing the basic operation of 
the sequence generator is shown in Fig. 1. Clock 
pulses control the switching rate and allow full syn- 
chronization with other circuit functions. A three- 
stage binary counter is used to count the input clock 
pulses and present this information in binary form. 
The diode and gates then convert this binary informa- 
tion into decimal form. Using the three-stage binary 
counter allows eight states to exist and thus eight 
sequence pulses are available. The number of binary 
counter stages may be modified according to the num- 
ber of sequence pulses desired. 

One excellent advantage of this approach to se- 
yuence control is that the switching rate is entirely 
controlled by the input clock pulse rate and may vary 
from a very slow value up to the maximum frequency 
that the binary counter will follow. 


Binary Counter 


The bistable multivibrator with its associated rout- 
ing diodes form the binary counter stage shown in the 


*Advanced Application Section, Hughes Semiconductor 
Division, Newport Beach, California 
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diagram of Fig. 2. The circuit shown is a simple sat- 
urated multivibrator capable of operation well be- 
yond a repetition rate of 500 kilocycles per second with 
a silicon double-diffused mesa transistor. If a higher 
rate had been necessary, antisaturation circuits could 
have been added to increase the operating speed. 

The diode and gates will form part of the collector 
loads for the multivibrator. 


Fig. 1—Basic block diagram of the sequence generator. 
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Fig. 3—Diode “and” gate. 


Diode ‘‘and’’ Gaies 


The basic and gate circuit is shown in F Co aes ea ba) 
order for a “true” or “1” signal of —15 volts to appear 
at the output point “D”, all three inputs must be 
“true”, that is, the three transistors (in the binary 
counter) feeding the and gate must be “off” or non- 
conducting. If any one of these transistors is conduct- 
ing then the output voltage which would otherwise 
appear at point “D”, will be shunted to ground 
through that transistor and the diode to which its 
collector is connected. The equivalent output resist- 
ance for the and gate is thus equal to resistor R,. 
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Fig. 4—The sequence generator. 


The Boolean expressions used are as follows: 


Oa T-2nz 3= 12:4 6:= 12-4 
1 = 1-2-4 4 = 1-9-4 7= 1-2-4 
Q2= 1-2-4 5 = 1-2-4 


Final Circuit 

The schematic for the sequence generator is shown: 
in the diagram of Fig. 4. 

In order to control the start of the sequence gen-- 
erator, a “zero-set” provision has been made. Presence: 
of a negative voltage at the “zero-set” input terminal! 
will automatically reset all binary stages and produce: 
a “sequence 0” voltage at the output. The entire op- 
eration may then be synchronized with other func-- 
tions. 

The equivalent circuit for one of the sequence : 
pulses is that shown in Fig. 5(a). The presence of 
some capacitance in the load would degrade the rise - 
and fall times of the output pulse considerably. To: 
compensate for the capacitance, an inductor is in- 
serted in series with the resistor as shown in Fig. 
5(b). 

The value of inductance is not critical since any 
ringing or overshoot that might occur if it is too large 
will be clamped by one of the binary counter stages. 
Rather than place an inductor in each leg of the 
sequence generator, one was used in the “even” legs 
and another in the “odd” legs. =a 

In any binary counter circuit, there is a finite delay 
in propogation of a pulse from the input to the follow- 
ing stages. This problem is most severe between the 
first and second counter stages since these are opera- 
ting at the highest speeds. For most applications of 
binary counters, this delay problem may be ignored. 
However, in those cases where outputs of all counter 
stages are combined, the difficulty may demand cor- 
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4.7K 


DURING SEQ. 
PULSE 


(a) Basic Circuit 
4.7K 


(b) Improved Circuit 


Fig. 5—Equivalent circuit for one output of the sequence 
generator. 


rection. At high speeds the rise and fall times are no 
longer negligible. 

Figure 6 illustrates the situation for the “sequence 
0” pulse. Note that the “sequence 0” pulse output 
contains two spikes, labeled “A” and “B” in addition 
to the desired pulse. The problem has been greatly 
exaggerated in this drawing for purposes of illustra- 
tion. ; 

The spike at point “A” is caused partially from a 
mis-registry of the 1 (not one) and 2 (not two) pulses 
and partially due to the finite fall and rise times. 
Upon the arrival of the second clock pulse the first 
binary counter stage is reset thus producing a nega- 
tive voltage at 1. Due to the slight delay in the trigger- 
ing of the second counter stage, the 2 voltage is not re- 
moved in sufficient time and a spike is thus produced. 

In a similar manner, a spike is produced at point 
“B” due to the mis-registry of the 2 and 4 pulses and 
again finite switching times. In a practical case, this 
spike is usually much smaller than the spike at “A” 
due to a lesser delay. 

As a solution to the problem, an inverter stage is 
added as shown to supply the 1 pulse. The output of 
the inverter is a 1 signal which remains at zero voltage 
for a time slightly longer than the 1 pulse obtained 
directly from the binary counter stage. The transistor 
is very heavily driven into saturation thus giving a 
fast “turn on” with a fairly long storage time. Fig. 7 
shows the pulse conditions with the inverter circuit 
added. The time delays again have been exaggerated 
for purposes of illustration. 

To give a lower output resistance, the sequence 
generator also may include an emitter follower for 
each of the outputs. 


Alternate Approaches 
If desired the sequence generator could use a series 
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Fig. 6—Illustration of problems resulting from trigger 
delays in the binary counter. 


CLOCK 
PULSE 


| 


t+ —_o 
Fig. 7—Pulse conditions with inverter circuit added. 
of or gates connected to the outputs of the binary 


counter stages. This would then give the negative of 
the previous output or: 


0=1424+4 3=14244 6=14244 
T=14244 4=14244 714244 
2 = 14+24+4 5 = 14244 


These outputs could then be followed by inverters 
rather than emitter followers thus giving the same 
outputs as obtained from the circuit of Fig. 4. 

It is frequently desirable to have a sequential op- 
eration in which parts of one timing period may over- 
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Fig. 8—Use of “or” gates to obtain complex timing 
cycles from sequence pulses. 


lap all or part of the timing period of another. This 
may be obtained quite easily by the use of or gates 
at the output of the and gates. The output of the or 
gates could then be fed into the emitter follower. An 
example of the complexity which may be accom- 
plished by this approach is indicated in Fig. 8. Note 
that it may be possible to have more than the eight 
timing periods if overlapping exists. One difficulty 
which might possibly arise is that of slight notches in 
the output where the timing period must cover more 
than one basic period (the interval between clock 
pulses). Slight circuit modifications will eliminate 
this problem. 


Laboratory Results 


A prototype model of the sequence generator shown 
in Fig. 4 was constructed and tested. A 2N1255 emitter 
follower was added to each output. 

The waveforms for the eight sequential pulses are 
shown in the photograph of Fig. 9 for a clock repetition 
rate of 250 kilocycles. Several very small spikes are 
visible in some of the sequence pulses, but these will 
cause little or no difficulties because of their reduced 
amplitude and short duration. 

The clock rate was varied from a very low repetition 
rate up to approximately 350 kilocycles. While the 
binary counter by itself would operate beyond this 
rate, the additional loading imposed by the diode gates 
and emitter followers limited the maximum repetition 
frequency somewhat. 

To determine the effects of temperature, the entire 
sequence generator was placed in a temperature 
chamber and the ambient varied from —55°C to 
+100°C. The only noticeable effects were a very 

slight change in rise time and a minor change in pulse 
width. An increasing temperature seemed to improve 
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Fig. 9—Output waveform. 


the rise time of the output pulse slightly. Over the» 
temperature range from 0°C to +100°C, the impulse > 


this change. 

Variations in supply voltages affected primarily © 
the output voltage. Operation was maintained over a. 
+50 percent change in both the positive and negative : 
supplies. The specified maximum voltage for the 
2N1255 transistors used is 15 volts, thus difficulties 


could possibly arise for any appreciable increase in | 
the negative supply voltage. The supply voltage and | 


hence the maximum output voltage may be increased 
if 2N1257 transistors are used in lieu of the 2N1255’s. 


Practical Applications 


Certainly one application to which a sequence gen- 
erator such as the one described may be made is in the 
area of telemetry. It may be used to control a sequen- 
tial sampling function as well as the conversion of 
parallel information into sequential form. 

The sequence generator described is also useful in 
analog-to-digital converters or in high speed sampling 
or classification circuits. 

While the circuit described produces eight sequen- 
tial pulses, the number may easily be increased by the 
addition of more binary counter stages and modifica- 


tion of the diode gates. For example, the addition of | 


width changed approximately 5 nanoseconds per’ 


centigrade degree. Below 0°C there was less than half : 


-— 


. 


one more binary counter stage allows 16 independent | 
sequence pulses. Additional stages of feedback paths 


may be applied in the counter circuit to give any 
desired number of sequence pulses. 


Conclusion 


A circuit for a high-speed sequence generator has 
been presented. Use of transistors and diode logic 
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| 
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: 
: 


‘ 


gates allows a high rate of speed though it will func- 
‘tion at the lowest speed desired. 

_ The lack of any moving parts lends not only the 
‘eapabilities for high speed operation but also greater 
immunity to mechanical acceleration, vibration, or 
physical position. 

Even using standard size components, the entire 
sequence generator was constructed in a metal box 
3” x 3” x 2”. Utilizing printed circuits could have re- 
duced the size even further. The techniques of micro- 
miniaturization might also be used. 

Use of the silicon double-diffused mesa transistor 
allows high speed operation at an elevated tempera- 
ture with a minimum amount of circuit complexity. 
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Fig. 10—The completed unit. 
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Thermistors In Transistor Circuits 


L. H. HARDY* 


H. R. EMES* 


Temperature compensation of transistor circuits can be accomplished inexpensively and 
with relative simplicity through the use of negative temperature coefficient resistors, 
thermistors. Thermistors are available in a wide range of resistance values and tempera- 
ture coefficients. Time constants similar to transistor time constants are available. 
Characteristics of available thermistors are discussed together with methods for determi- 
nation of characteristics and a description of how they should be specified. Some typical 
applications for thermistors in compensating transistor circuits are also discussed. A 
method for obtaining the required thermistor charactertistics for a specific transistor 
compensation application is outlined. 


circuitry has become quite widespread. Their ad- 

vantages over the vacuum tube are numerous; 
small size enabling more compact packaging, low 
power consumption, very good shock and vibration 
resistance, and extreme reliability. However, for sat- 
isfactory incorporation into new electronic equipment 
some weaknesses had to be overcome. Of these weak- 
nesses, one of the most serious is that of temperature 
sensitivity. Of primary concern are the changes in 
three transistor parameters with temperature. The 
current multiplication factor, alpha, increases with 
temperature as does the collector saturation current, 
I.o, which increases exponentially with temperature. 
Collector resistance decreases with temperature. 


[: RECENT YEARS, the use of transistors in electronic 


*The Carborundum Co., Refractories Division, Perth Amboy, 
New Jersey. 
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Since I,, is the minimum value of collector current, 
its increase results in a reduction of the available cur- 
rent variation for large signal operation and a decrease 
in the power output and efficiency. Unless the transis- 
tor is sufficiently stabilized the operating point may be 
radically changed. At higher temperatures, the bene- 
fits of low level operation may also disappear where 
the value of I,, approaches one milliampere or more. 
Finally, at sufficiently high temperatures, thermal run- 
away in the transistor may be brought about due to 
this increased collector current causing an increase in 
power dissipation at the collector junction, which, in 
turn, raises the junction temperature thus fur- 
ther increasing I». 


Thermistor Compensation 


Fortunately, the disadvantages of temperature sen- 
sitivity of transistors can be overcome. In general, 
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Fig. la (top)—Thermistor gain compensation. 1b 
(middle) Thermistor bias compensation. 1c(bottom) 
Thermistor impedance compensation. 


Fig. 2.—Thermistor compensation of push-pull output 
stage to maintain idling current, I,,, constant with tem- 
perature variations. 


there are three methods which can be used to accom- 

plish temperature compensation. The method used 

will depend upon the particular circuit and upon con- 

sideration of the relative cost. These methods are: 

(1) Feedback to reduce the temperature efféct. 

(2) Circuit design such that temperature varying 
parameters within the transistors balance each 
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RESISTOR 
12002 440% 


THERMISTOR 
4209 440% at 25°C 


IDLING CURRENT IN MILLIAMPERES 
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TEMPERATURE IN DEGREES CENTIGRADE 


Fig. 3—Improvement in idling current, I, in output stage 
obtained with thermistor compensation. 


other or are made unimportant by stable circuit 
components. 

(3) Temperature compensation by non-linear ele- 
ments such as thermistors. 

Probably the easiest and least expensive of these 
three methods is the use of the thermistor, which is a _ 
sintered ceramic type resistor possessing a negative 
temperature coefficient of resistance. Suitable thermis- — 
tors can be selected which exhibit not only the re- 
quired temperature-resistance characteristics, but also 
similar thermal time constants to that of transistors. 
They have been used quite commonly in the typical 
applications illustrated in Fig. 1. 

The circuit of Fig. la is a single stage amplifier with 
the thermistor compensating for the decrease in gain — 
of the transistor with increasing temperature. The 
resistance of the thermistor decreases with increasing 
temperature, and permits increased input signal power — 
to compensate for the decrease of transistor gain. With 
this simple method it is possible to adjust the transis- 
tor to the thermistor network, resulting in small loss 
of gain when compensated. 

In Fig. 1b is illustrated a simple transistor d-c am- 
plifier in which there would be considerable variation 
in output current for a small variation in ambient 
temperature. Representative values may be as much _ 
as 100% variation for a 15°C temperature swing. By | 
inserting a thermistor at r,, and by properly selecting 
its resistance-temperature characteristic it is possible 
to automatically adjust the bias of the second stage 
transistor to obtain essentially constant d-c collector 
current with variations in ambient temperature. 

Although less sensitive to temperature fluctuations 
than the germanium transistors, the silicon transistors 
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Fig. 4a—No load Resistance-temperature curves for 
Globar® thermistors. 


also exhibit a loss of gain with increasing temperature 
when used in high frequency i-f amplifier circuits. 
Impedance mismatch and feedback to compensate for 
the input impedance increase, and the output im- 
pedance decrease, with increasing temperature, may 
show insufficient improvement when the large power 
loss due to mismatch is considered. Feedback, too, 
may not always prove as successful as would be ex- 
pected. Two important parameters in feedback equa- 
tions governing transistor amplifiers are the input 
impedance and amplifier gain, both of which are tem- 
perature sensitive. Successful temperature compensa- 
tion has been achieved through the use of thermistors 
in either one of two configurations. One method is that 
shown in Fig. la wherein the input signal is attenu- 
ated at low temperatures more than at higher tem- 
peratures. An alternative method is that shown in 
Figure Ic in which a thermistor is used in series with 
the emitter to change the d-c operating point with 
temperature. With this configuration the emitter cur- 
rent increases with temperature resulting in an in- 
crease in 6 and thus of gain. In addition this method 
tends to lower input impedance with increase in tem- 
perature. 

Of particular interest is temperature stabilization of 
push-pull output stages, one of the major difficulties 
of which is the sensitivity to temperature. The I, is 
an exponential function of temperature and, at high 
temperatures, will cause class AB operation lowering 
efficiency and increasing distortion. Clipping may even 
result. In the circuit of Fig. 2 a low priced medium 
coefficient thermistor was employed to hold the idling 
current constant. While it did not possess exactly the 
ideal resistance-temperature characteristic obtained 
by varying a resistor to maintain the current constant, 
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Fig. 5—Relative temperature variation in I,, and in con- 
ductance of two thermistor types. 


it did provide considerable improvement at very low 
cost. Fig. 3 shows the degree of improvement obtained. 


Thermistors Available 


Thermistors for temperature compensation are 
available commercially in three basic types as shown 
in Fig. 4. All three are manufactured in a range of 
resistivities and temperature coefficients. The highest 
coefficient (steepest slope) is that of the cobalt-man- 
ganese-nickel oxide types which are available in disc, 
rod and washer form. These types possess negative 
temperature coefficients of approximately 3 to 5.2% 
per degree C. Thermistors possessing intermediate 
slopes are composed of titanium and iron oxides and 
are available primarily in rod form. The negative 
temperature coefficient of these types can be from 1.3 
to 2.5% per degree C. The least change with tempera- 
ture is that exhibited by the silicon carbide types 
which are available in rod form and possess coeffici- 
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ents of from 0.25 to 0.55% per degree C. These latter 
types are not widely used in transistor circuitry, how- 
ever. Fig. 5 has been prepared to illustrate the similar- 
ity of the I,, vs. temperature curve to that of the con- 
ductances of typical thermistors widely used for com- 
pensation. 

In the specification of thermistors the resistance at 
some nominal temperature and the resistance-tem- 
perature characteristic must be carefully described. 
The nominal temperature is usually 25°C. The best 
description of the resistance-temperature character- 
istic is, of course, to specify resistances at more than 
one temperature. Usually, however, it is either speci- 
fied as the ratio of resistance at 37.8°C or at 25°C to 
that at some higher temperature or by means of the 
beta value, which is described in the equation below: 


Rr = Rees? 7) 


Where 7) = reference temperature in degrees Kelvin 
Ro = resistance at temperature 7'y 
T = temperature of thermistor in degrees Kelvin 
Rr = resistance at temperature 7' 
6 = beta value or resistance-temperature con- 
stant 
With Ro selected at 25°C 
In ae ir 
0 Ro 


[es i aoe = log 
oi 0.0083567 ) 

Since the resistance-temperature characteristic of a 

thermistor is non-linear, beta varies with temperature, 

generally increasing with temperature. 

For a given body size the only variable to produce 
various resistance values is that of resistivity. This is 
determined by many process variables but primarily 
mix composition and heat treatment or sintering con- 
ditions. Variations in either of these, but primarily 
mix composition, also alter the beta value. Typically 
the lower the resistivity, the lower the beta value. An 
example of this relationship is shown in Fig. 6. Because 
of this dependence of beta and resistivity on mix com- 
position and heat treatment, it is not always possible 
to produce thermistors exhibiting identical resistivity 
and beta values from lot to lot. Thermistors must be 
specified with resistance as well as beta value toler- 
ances. Readily available tolerances are +10% on re- 
sistance and +5% on beta value for the steepest slopes 
and +10% resistance and +10% beta value tolerance 
for the intermediate slopes. 


0.4343 i a 0038557 ) 


Thermistor Inspection Procedures 


Inspection of thermistors for resistance and beta 
value is equally as important as their specification. 
When it is considered that these components change 
from 3 to 5% per degree C it is apparent that extreme 
care must be taken in their measurement. Thermistors 
must not be held in the hand, for by doing so they will 
be heated and decrease in resistance. 
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An acceptable procedure for measuring thermistors} 
is to mount them in a suitable manner and tempera- 
ture stabilize them at two reference temperatures in aq 
chamber or a bath controlled to +0.1°C or better. For) 
temperature measurement, an accurate laboratory f 
thermometer having divisions of 0.1°C or bettert) 
should be used. Accuracy of these thermometersy 
should be checked periodically against standards. Careq_ 
should be taken that the current applied to the therm- 
istor is small enough to produce negligible self heat--) 
ing of the thermistor. Determine a suitable measuring 
voltage that will not change the resistance of the 
thermistor at fixed temperature, then allow the therm- 
istor to remain in the stabilized chamber until no fur--7 
ther changes in resistance are noted due to tempera-- . 
ture stabilization of the thermistor. The resistances at 
T, and T should be measured and the beta calculated. . 


Thermistor Circuit Design 
In any circuit the temperature varying parameters 3 
of the transistor are not the only factors contributing § 
to the temperature problem. All components employed 
in the circuit design are affected by variations in the: 
ambient temperature. Consequently, it is difficult, if * 
not impossible, to consider all facets of the tempera- ; 
ture problem in order to calculate the required. 
temperature compensating network. Therefore, the: 
easiest and perhaps the most accurate method, is to 
determine the network experimentally. ; 
The procedure that should be followed can be de- 
scribed with reference to Fig. 1b. Replace the resistor 
re with a variable resistance. Then, for a specific am- . 
bient temperature, the value of r, can be adjusted to | 
maintain output current, Ip, a constant. A plot of the | 
resistance of this variable resistor r, as a function of 
ambient temperature can then be obtained. This is, | 
then, the ideal thermistor characteristic, which when 
substituted for r,, should maintain the output current 
constant with*ambient temperature fluctuation. How- | 
ever, since thermistors cannot be manufactured with- | 
out tolerances on both resistivity and beta value, the — 
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Fig. 6—Typical variations of beta value with resistivity. 
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| adjustable resistor, r,, should also be varied plus and 
minus at 25°C and at a minimum of two other tem- 
"i perature points to establish working tolerances for 
Bic thermistor network. It is essential that the ambient 
temperature be accurately determined in the immedi- 
ate vicinity of the temperature sensitive components. 
_ This method was used successfully in the tempera- 
ture compensation of the circuit of Fig. 2. In this 
circuit a variable resistor was inserted at r, and ad- 
justed to maintain the idling current, I,,, constant. The 
curve obtained was sent to the thermistor manufac- 
turer for design of the proper thermistor. A standard 
¥” diameter rod type titanium oxide thermistor, 54” 
long, having a resistance of 120 ohms +10% at 25°C 
with a beta value of 1700 +10% was selected. The 
_ degree of matching is shown in Fig. 7. The effect of a 
linear resistor in shunt with the thermistor to dilute 
the temperature sensitivity at lower temperatures is 
also shown. Fig. 8 illustrates the degree of compensa- 
tion obtained. As is readily seen, the compensated 
curves digress from the ideal curve. However, for this 
application it was determined that adequate compen- 
sation had been obtained from —20°C to +60°C with 
a component which can be purchased for as low as 
8 cents. This is without doubt a low price to pay for 
the large reduction obtained in temperature sensitiv- 
ity. Improved compensation could have been obtained 
with custom design of the thermistor. However, time 
was important and sufficient compensation had already 
been obtained quickly and at low cost. Therefore, this 
thermistor was incorporated in the final design. 
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rig. 7—Matching an ideal resistance-temperature charac- 
teristic with a thermistor for transistor temperature com- 
pensation. 
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A Method For the Preparation of 


Semiconductor Grade Silicon 


RAY C. ELLIS, JR.* 


An apparatus for the thermal decomposition of silicon tetraiodide by film boiling on a 
graphite surface to produce semiconductor grade silicon at a rate of 120 g. per hour is 
described. The estimated decomposition temperature is 1800°C at one atmosphere. The 
small solubility of carbon in silicon at this temperature does not affect the resistivity but 
does hinder the growth of single crystals from the product. Apparatus for the preparation 
and purification of silicon tetraiodide is described. The high rate and ease of production, 
coupled with the useful pelletized form of the product, make this process attractive 


commercially. 


semiconductor materials. If the supply of high 

quality silicon were suddenly cut off or if the 
cost became unreasonable, the device manufacturer 
might find himself in a critical position. With this in 
mind, the Research Division of the Raytheon Com- 
pany made a study of methods for the preparation of 
semiconductor grade silicon. The most promising of 
these methods, the thermal decomposition of silicon 
tetraiodide, is described in this article. 

Litton and Anderson") had prepared silicon in an 
iodide cell, a modification of the vanArkel deBoer(?) 
method, and an excellent review of the decomposition 
of metal iodides has appeared by Loonam.‘) An in- 
teresting paper by Peterson and Bromley‘) demon- 
strated the feasibility of producing titanium rapidly 
and economically using a film boiling technique. 

On this basis a method was developed to produce 
semiconductor grade silicon by the thermal decompo- 
sition of silicon tetraiodide utilizing film boiling. The 
method consists of the preparation and purification of 
silicon tetraiodide, and its subsequent decomposition 
at about 1800°C on a submerged graphite heater. The 
product floats away from the reaction zone and the 
byproduct iodine is recycled to the preparation step. 

Silicon tetraiodide was prepared by the direct com- 
bination of the elements in the apparatus pictured in 
Fig. 1. Iodine is evaporated into crude silicon at 600- 
1200°C where the exothermic reaction produces crude 
Sil, at rates up to 7.5 lb/hr. This method represents an 
improvement over that of Szeskely) in that the rate 
of production is greater, and the apparatus can be run 
almost continuously without disassembly. 

The crude silicon tetrachloride is dark purple brown 


5 oni HAS EMERGED as one of the more important 


*Research Division, Raytheon Company, 
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and is contaminated primarily with aluminum and 
iron iodides. The purification is carried out using a 
72” x 3’ I. D. column packed with °8” glass helices 
and fitted with heat compensating jackets. The still is 
pictured in Fig. 2. The weight of the column and re- 
ceiver is counterbalanced so that a redistribution of 
weight during distillation will not strain the neck of 
the boiler flask. The throughput of the still may be as — 
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Fig. 1—Apparatus for the preparation of 
silicon tetraiodide. 
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e uigh as 7 lb/hr, obtaining a spectroscopically pure 
product which is white when solid (m. p. 127°C) and 
yellow when liquid (b. p. 301.5°C). 

_ The decomposition takes place around a tear-drop 
of graphite 244” high which is heated to about 1800°C. 

The decomposition apparatus is pictured in Fig. 3. 

Silicon first deposits on the graphite forming a silicon 

_earbide protective coating. More silicon deposits build 
up an unstable liquid sheath. Then excess silicon al- 
most continuously breaks away as molten droplets 

and erupts the surface of the boiling Sil, as a bright 

_ display of solidifying droplets. The quartz liners in the 
‘reactor direct the molten silicon away from the edge. 

_ As the reaction continues, the byproduct iodine dis- 
tills out of the reactor into the receiver and is recycled 
through the preparation step. The solidified product 
collects on the liquid surface until several pounds 
shave been produced. The decomposition is then 
stopped, and the product is spooned out with a screen 
ladle. 

The product is washed with hydrofluoric acid, then 

_ water, and allowed to dry. The product, pictured in 
Fig. 4, consists of solidified droplets of silicon ranging 
from 4%” to 3%” in diameter. Many of the droplets 
broke during solidification. Rates as high as 120 grams 

_per hour have been observed. This corresponds to 10 
grams of silicon per hour per square centimeter. 

The purity of the product was determined by draw- 
ing a test crystal from each batch and measuring its 
resistivity. The average resistivity was found to be 
about 5-10 ohm-cm, p-type, for over a thousand runs. 


Heated jacket 


Receiver 


Column 


Counterbalance 


~ 3/8" Glass helices 


Heated jacket 


ccc Crude Silq 


01234 
SCALE 
INCHES 


Fig. 2—Still for the distillation of silicon tetraiodide. 
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The impurity element was found to be boron by 
determining the segregation coefficient. The highest 
resistivities found were in the 300 ohm-cm range but 
it is belived this was due to compensation. 

Special attention must be paid to the surface on 
which the silicon deposits. Naturally, no contamina- 
tion of the silicon by the surface material or its im- 
purities is desired. The best material found was 
graphite. The graphite selected has to be both pure and 
dense for this application. It was found that com- 
mercial graphite with a density of less than about 1.70 
was completely disintegrated into silicon carbide by 
molten silicon. This destructive process was seen less 
frequently as more dense graphite was used. As 
silicon starts to form on a graphite surface a protec- 
tive layer of silicon carbide forms. This prevents fur- 
ther reaction unless the graphite is porous. In this 
case the silicon runs into the pores, forming some 
silicon carbide. The volume of the silicon carbide is 
greater than that which the graphite originally oc- 
cupied, resulting in a crack which relieves the strain. 
Silicon runs into this crack and the destructive pro- 
cess continues. The shape selected for the graphite has 
smooth contours to encourage the least violent liquid 
and gas flow around it and to minimize the strains 
induced on its surface by the thin silicon carbide 
layer. 

There is a small solubility of carbon in silicon which 
appears as less than .1% silicon carbide crystals in the 
product. Although the small carbon (or carbide) con- 
tent in the silicon does not effect the resistivity, it 
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Fig. 3—Apparatus for the decomposition of 
silicon tetraiodide by film boiling. 
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interferes in the growth of single crystals by appear- 
ing as a dross on the molten product. The product 
has been filtered through quartz wool and fritted 
quartz discs, and has been siphoned and decanted. 
These steps, while removing the carbide, introduce 
oxygen‘®) into the molten silicon. It is difficult to grow 
good crystals from this material because of the slag 
of silica that forms on the melt. 
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Fig. 4—Solidified droplets of silicon. 


Transistorized Equipment For Measuring 
Transistor Frequency Response 


BERNARD REICH* 


WILLIAM ORLOFF* 


The theory and operation of a transistorized equipment capable of measuring the fre- 

quency response of transistors is described. The characteristic chosen for representing 

this parameter is the f, frequency or the frequency at which the current gain is unity. 

The equipment employs a transistor oscillator and small-signal r-f amplifier as the basic 

elements of the system. Although the equipment is capable of indicating frequency re- 

sponses in excess of 1000 mec/sec, the actual frequency used by the test unit does not 
have to exceed 100 me/sec. 


convenient to specify the frequency characteristic 

of a device in terms of alpha cut-off frequency. 
The alpha cut-off frequency is the frequency at which 
the magnitude of current gain falls 3 db from its 
low-frequency value. Many methods have been de- 
veloped and used in the measurement of this param- 
eter. Commercial equipment has been developed 
which will essentially display oscillographically the 
magnitude of alpha as a function of frequency, th” 
yielding the value of alpha cut-off frequency. Simi- 
larly, the small-signal, common-emitter, current gain 
(beta) can be displayed as a function of frequency. 
However, such equipment is limited to measurements 
in the neighborhood of alpha cut-off frequencies of 
50 mc/sec. A new and comparatively simple device 
for measuring this parameter is described in this 
article. 


I: THE EARLY DAYS of transistor development, it was 
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Essentially, the method of measurement of cut-off 
frequency is contained in the definition. It is basically 


. a 
a measurement of current gain (=) for alpha cut- 
te 


off, and ( 2 


ty 
quency. If the magnitude of alpha at low frequency 


for beta cutofi at the appropriate fre- 
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Fig. 1—Circuit for measuring alpha cut-off frequency. 
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is ao, then the frequency at which alpha falls to 0.707 
Qo is the alpha cut-off frequency. One of the simpler 
_ techniques used is illustrated in Fig. 1. In this circuit 
if R, is assumed to be much greater than the input 
impedance of the transistor, the emitter current, 


’, assuming the generator resistance to be 
1 


= 


small compared to R;. The value of output current, 
i;, can be measured by measuring the voltage drop 
across Ry. The value of Rz should be small compared 
to the output impedance of the transistor, since this 
is implied in the measurement of alpha. Since the 
output of the generator is reasonably constant, the 
alpha cut-off frequency can be found by monitoring 
the change in output voltage across Re. 

With the advent of higher frequency transistors 
(such as the surface barrier transistor), other tech- 
niques were used in determining the frequency re- 
sponse of devices. In particular, the maximum fre- 
quency of oscillation was used. Knowing this param- 
eter along with the base spreading resistance, 7)’, and 
collector capacitance, C,, the value of alpha cutoff 
may be calculated from equation 1. 

f __ 30 Pine Ts Co 


(1) 
Oo 


where fimnaz is the maximum frequency of oscillation, 

Tr, is the base spreading resistance , 

C, is the collector capacitance, and 

ao is the value of low-frequency current gain. 

With the advent of the mesa, drift, and microalloy 

diffused transistors, still other techniques had to be 
developed to measure the frequency response of these 
devices. The following analysis presents the reasoning 
leading to the design of a unit capable of measuring 
the response of all presently known vhf and uhf tran- 
sistors. 


Variation of Current Gain with Frequency 


If a plot is made of the variation of current gain 
as a function of frequency, a representation as shown 
in Fig. 2 will be obtained. Ideally this curve would 
consist of two linear components, one parallel to the 
abscissa and representing the low-frequency value 
of current gain, h,,; the other portion of the curve, 
also linear, would have a negative slope of 6 db/oc- 
tave. The frequency at which the current gain falls 
to zero db is designated as the f; frequency. This is 
illustrated in the solid portion of the curve of Fig. 2. 
However, the practical curve appears more as shown 
in combining the solid and dotted deviation in the 
curve. At present, the specification of f; is widely used 
in characterizing the frequency response of vhf and 
uhf transistors. If now a point designated as “X” on 
the curve shown in Fig. 2, is chosen such that it is 
on the slope of 6 db/octave portion, then the f; fre- 
quency can be determined by multiplying the mag- 


nitude of the gain (3) by the frequency of meas- 
Up 


urement. 
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Fig. 2—Idealized Gain vs. Frequency characteristic of 
junction transistors. 
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Fig. 3—Variation of current gain with frequency. (Ger- 
manium drift transistor) 
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Fig. 4—Variation of current gain with frequency. (Ger- 
manium mesa transistor) 


Gain vs. Frequency Variation of Various Structures 


Although not discussed up to this point of the 
paper, a 6 db/octave fall-off of current gain with 
frequency is implied in the measuring equipment to 
be described later. To ascertain that this condition 
was satisfied, measurements were made on the varia- 
tion of current gain with frequency on many difficult 
devices in development and production. 

Figure 3 is a plot of current gain (db) with fre- 
quency of a germanium drift transistor. This plot, 
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Fig. 5—Variation of current gain with frequency. (madt 
transistor) 


along with the following curves to be shown, is based 
on measurements made by the authors. The curve 
represents measurements made on drift transistors 
from three different sources. From Fig. 3 it is noted 
that the current gain, h;., drops to zero decibels at 
30 mc/sec and, in addition, the 6 db/octave fall-off 
occurs beyond 3 mc/sec. 

Figure 4 shows a similar plot on a germanium 
mesa transistor. Here it is noted that the current gain 
falls to zero db at 400 mc/sec, and that the curve fol- 
lows the 6 db/octave fall-off beyond approximately 
60 mc/sec. Measurements were made on devices sup- 
plied by two different manufacturers. 

Figure 5 is a similar plot on a madt transistor. 
Noted in Fig. 5 is the 300 mc/sec, zero db gain point 
and the 6 db/octave fall-off beyond the 70 mc/sec 
point on the curve. 

Finally, in Fig. 6 is a plot of the current gain vs. 
frequency of a silicon transistor. From Fig. 6 a zero 
db gain point at 200 mc/sec is noted with a 6 db/oc- 
tave fall-off beyond approximately 50 mc/sec. 

Some generalization can be drawn from Fig. 3 to 6 
with respect to the determination of a gain bandwidth 
product of the transistors used as examples. From 
Fig. 3 a measurement of current gain on the 6 db/oc- 
tave portion of the curve can be made beyond ap- 
proximately 3 mc/sec. To include a wider latitude in 
device parameters, a measurement point at 10 mc/sec 
would satisfy the requirements of devices fabricated 
in this manner. Therefore, if a measurement of cur- 
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Fig. 7—Circuit for the measurement of vhf common emit- 
ter current gain, h;,, 50-400 me/sec. 
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Fig. 6—Variation of current gain with frequency. (Silicon: 
transistor) 


rent gain, h;, were made at 10 mc/sec, the f; fre- 
quency could be determined. 

Now referring to Figs. 4-6, we can see that meas- 
urements at 10 mc/sec would not yield the results: 
desired since none of the curves shown are in a region} 
of 6 db/octave fall-off in the 10 mc/sec region. Using: 
the reasoning applied to the drift transistor, a more? 
appropriate measurement point would be 100 mc/sec. . 


Presently Used Equipment Design 


Prior to discussing the design of the equipment for : 
measuring the transistor frequency response of vhf! 
and uhf units, some preliminary discussion should 
be directed to the method used in gathering the data: 
shown in Figs. 3-5. Basically, the common-emitter cur- - 
rent gain of the transistor is measured at the par- - 
ticular frequency of interest. The same conditions 
prevail in this type of measurement as in the meas- - 
urement of hy, at any frequency. The conditions are, © 
first, presenting the transistor with a current drive 
source, and maintaining as nearly as possible a short 
circuit between the collector and emitter. Fig. 7 is 
the circuit arrangement used in measuring the cur- | 
rent gain of the devices examined, and is representa- 
tive of the apparatus used in gathering the data pre- | 
sented in Figs. 3-6. To set up the circuit, a collector- 
to-base short circuit is substituted for the transistor. — 
The signal level of the generator is set to yield a 
reading of zero db on the calibrated rf output meter. 
Following the substitution and biasing of the transis- 
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Fig. 8—Block diagram of frequency response measure- 
ment equipment. 
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Fig. 9—Schematic diagram of frequency response measurement equipment. 


tor under test, values of the current gain, h;,, may 
be read directly on the rf amplifier output scale in 
decibels. This arrangement represents the present 
technique generally used for the measurement of the 
frequency response of vhf and uhf transistors. 


New Test Equipment Design 


While the present technique for the measurement 
of the transistor current gain and resultant f;, which 
has been described above, is adequate, it does not 
lend itself to wide enough use for the many different 
groups within a laboratory where transistor develop- 
ment and applications are large. The test jig for the 
measurement of this parameter is simple enough; 
however, the auxiliary equipment is costly and fairly 
massive. It was felt that to promote this type of 
measurement the basic technique should remain the 
same, but definite reductions in size and cost, espe- 
cially of auxiliary equipment, were necessary. 

The basic arrangement of the system to accomplish 
this purpose is shown in Fig. 8. The system can be 
broken down into five basic stages. The First is a 
transistor oscillator which, on the basis of the pre- 
vious reasoning on device characteristics shown in 
Fig. 3-6, would operate at either 10 or 100 mc/sec. 
The power output required from this oscillator would 
be approximately 7-10 mw. This was decided on the 
basis of measurements made using the generator and 
detecting system shown in Fig. 7. The second stage 
is similar to the test jig shown in Fig. 7. An rf ampli- 
fier stage is needed since the level of signal emanat- 
ing from the second stage is quite small. This is fol- 
lowed by a rectifier which is used to permit the signal 
to be read directly on a d-c meter. The meter may 
be calibrated by the technique outlined in the pre- 
vious section, and f; may then be read directly in 


Bey, 
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mc/sec. Basically, therefore, the technique of meas- 
urement has not been altered; however, some of the 
more massive and expensive elements of the system 
have been removed. 

Figure 9 is a schematic diagram of the overall cir- 
cuit which incorporates a simple transistor oscillator, 
a neutralized rf amplifier, and the indicating meter. 
The choice of Q; and Q» will be dependent on the 
frequency of operation of the test set. For example, 
if the test set is operated at 10 mc/sec, germanium 
drift transistors from a variety of sources could be 
used. If the operating frequency is 100 mc/sec, ger- 
manium mesa and madt transistors are available 
which can fulfill the test set requirements. The values 
of the components used in the oscillator, Q;, and rf 
amplifier, Qs, will be dependent on the frequency of 
operation and type of transistors used. The transistor 
biases used on Q; and Qe will be dependent on the 
optimum bias point required for circuit operation. 
The power supplies for Q,7, the transistor under test, 
should be variable to allow for device evaluation un- 
der reasonable bias points. The entire test set requires 
two transistors, Q; and Qs, and a diode rectifier which 
is shown in the circuit as a 1N82 diode. 


Conclusions 

A test set has been described which can measure 
the frequency response of transistors. The parameter 
used to characterize the frequency response is f;, and 
is measured via the short circuit small-signal current 
gain, hy, of the transistor at a frequency where hy, is 
falling at the rate of 6 db/octave. The set utilizes two 
transistors and one diode rectifier, and can be made 
small in comparison with equipment currently being 
used to measure this parameter. 


CAT 
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Introduction to Semiconductor Theory 


and Reverse Breakdown® 


C. A. ESCOFFERY, Ph.D.** 


Part 1 


is an electronic solid-state device which utilizes 

certain features of the electrical characteristics 
of a rectifying junction. In some cases, the forward 
characteristics are employed—for example, in tem- 
perature compensation. Usually, it is the reverse char- 
acteristics and, in particular, the breakdown phenom- 
ena which are utilized. 

In order to understand the underlying mechanism 
of reverse breakdown, it is desirable to review some of 
the fundamental principles of semiconductor theory. 
The discussion will be limited to the two most widely 
used semiconductors, germanium and silicon, and the 
reader interested in further details or in a more ad- 
vanced treatment is referred to the bibliography given 
at the end of the article (cited literature references 
are indicated by superscript numbers). 


Bg ZENER DIODE (also called the avalanche diode) 


Semiconductors 

On the basis of electrical conductivity, solids can 
broadly be classified into metals, semiconductors, and 
insulators. To obtain a reasonably clear picture of 
semiconductors, we shall invade the field of solid-state 
physics and introduce some of the main concepts em- 
ployed in discussing electrical semiconductivity.18 

We begin with a consideration of electrons and their 
movement in semiconductors. It should be stated at 
the outset that while there are very many electrons 
in a piece of semiconductor material, most of them are 
strongly attached to their parent atoms and are not 
free to move and to conduct a current. Only a rela- 
tively few are loosely attached. These are the outer- 
most electrons in an atom and the ones that usually 
determine its chemical valence.® For this reason, these 
“free” electrons are called valence electrons. Hence- 
forth, we shall be dealing only with valence electrons. 

Electric current is usually considered as a flow of 
electrons and one ampere is, by definition, a flow of 
6.24<101* electrons per second. One of the most im- 
portant concepts in semiconductor theory, however, is 
that an electric current can be ascribed not only to the 
flow of electrons but also to that of positively charged 
holes. 

A positive hole, or more simply a hole, can be con- 
sidered as the absence of an electron from a place 


*This is a reprint of an article which appeared in the “Zener 
Diode Handbook,” published by International Rectifier Corp. 
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where it normally would be found. In many cases, it ' 
is more convenient to describe a situation by means 
of holes and their movement; in other cases, the move- 
ment of electrons is more convenient; in still other 
cases, the movement of both holes and electrons must 
be taken into account. 

The concept of holes and their movement is not so 
strange as it may appear at first glance. Consider, for 
instance, a crowded garage with only one vacant park- 
ing space, located at the rear (Fig. 1a). Suppose now 
that a car arrives at the entrance to the garage. The 
parking attendant will shift many of the cars towards 
the rear to accommodate the new car. In essence, how- 
ever, he has brought the vacant space forwards to- ' 
wards the garage entrance (Fig. 1b). The hole has 
therefore moved, and it has moved in a direction op- 
posite to the flow of the cars. 

Applying the analogy of Fig. 1 to a semiconductor, 
the automobiles would be called electrons and the | 
spaces would be called holes. Since in this case the 
electrons are in excess, they are the majority carriers 
(of current) and the holes are the minority carriers. 
A semiconductor of this type would be referred to as 
n-type, because most of the current is carried by nega- 
tive charges (electrons). 

When the opposite situation prevails and the holes 
are in excess, the semiconductor is referred to a p-type, 
because most of the current is carried by positive 


Fig. 1—Parking lot analogy to demonstrate movement of 
a “hole.” 
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“charges (holes). The electrons in this case become the 
“minority carriers. 


Electron and Hole Currents 

Having introduced the concept of two types of 
charge carriers, let us consider what happens when a 
voltage is applied and they acquire a drift velocity to 
conduct a current. Consider a homogeneous piece of 
silicon at room temperature. Due to thermal agitation, 
the charge carriers (electrons, for simplicity) are mov- 
ing randomly about, some with thermal velocities as 
high as 250,000 miles per hour! There is no observable 
current, however, because in the absence of an applied 

field there is no net drift of the electrons.* 

When a voltage is applied across the silicon there 
will be a net drift of electrons toward the positive elec- 
trode and of holes toward the negative electrode. The 
eurrent i, due to n electrons per cm*® moving with an 
average drift velocity v, is simply given by 


(2) 
where e is the charge on an electron, 1.59107 
coulombs. 

If we consider the average electron drift velocity as 
being proportional to the field, E, we can write 


In = N@Vn 


(3) 
where the constant of proportionality, 1t,, is called the 
electron drift mobility. 

Substituting Eq. (3) in (2) we find that the elec- 
tron current is 


Un = Unt 


(4) 
Similar expressions apply to the holes, so that the 
hole current is given by 


dn = Nepinle 


(5) 
where » is the density of holes, and u, is the hole drift 
mobility. 

The total current is given by the sum of the electron 
and hole currents, that is, 


ty = pep 


IT = tn + ty = (Netn + peu, EH (6) 

By analogy to Ohm’s Law, the term in parenthesis is 

referred to as the conductivity, o, (the reciprocal of the 
resistivity, e). 

The motion of holes and electrons should not be 

visualized as taking place in uninterrupted straight 

lines between the electrodes. Instead, the carriers 


*Diffusion currents can, of course, flow when there is a gra-~ 
dient in the density of the carriers, and the direction of flow 
is from high to low concentration. The magnitude of the flow 
is given by Fick’s First Law of Diffusion 


(1) 


where n is the carrier density, x is the distance, and the 
constant of proportionality, D, is called the diffusion coeffi- 
cient. As we shall see later, diffusion currents are very im- 
portant in junctions of p and n material. 
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move in a given direction for only a relatively short 
distance before colliding with the atoms of the crystal, | 
to be deflected towards a different direction. Never- 
theless, under the influence of the applied field there 
is a net flow towards the electrodes, and this manifests 
itself as a current. 

When the applied electric field is very high (say 10° 
volts/em) anew effect takes place. What happens now 
is that the electron and hole carriers may gain enough 
kinetic energy during the time between collisions with 
the crystal lattice, that they are able to strip off elec- 
trons from the atoms. Every time that an electron is 
stripped off (“ionized”), a hole is left behind. We 
therefore speak of the creation of electron-hole pairs, 
and the process referred to here is called ionization by 
collision. The process is of importance, since it can lead 
to multiplication of carriers and a current avalanche. 
We shall discuss it further on under the section on re- 
verse breakdown, 


Energy Bands 

Let us now interpret the behavior of electrons and 
holes in terms of energy band diagrams. Consider a 
garage with two stories; imagine further that the lower 
level is completely filled with cars and that the top 
level is completely empty (Fig. 2a). Obviously, there 
can be no movement of cars in either level. 

Suppose now that we lift a car from the bottom to 
the top level (Fig. 2b). This requires energy, hence 
the lone car on the top floor will have more potential 
energy than those on the first floor. Furthermore, it 
is now capable of being moved across the second floor 
level; likewise, the vacancy on the first floor level can 
also be moved about. 

The same situation occurs in silicon. We think of 
broad levels, called energy bands, such as shown in 
Fig. 3b. They can be considered the solid state equiv- 
alent of the familiar discrete energy levels of extra- 
nuclear electrons in isolated atoms. Due to the great 
number of atoms in a solid, each energy band consists 
of numerous individual energy levels, so close to- 
gether as to be almost continuous. 


(a) 


(b) 


Fig. 2—Garage analogy to demonstrate energy levels. In 
(a), cars cannot move about. (After Shockley?). 
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The region between energy bands is “forbidden” in 
the sense that these energy values are non-existent, 
and there are physical and mathematical reasons for 
this phenomenon, which forms part of what is known 
as the Band Theory of Solids.t’ The width of the for- 
bidden region is called the energy gap, E,, and is usu- 
ally expressed in electron volts.* For silicon at room 
temperature, E, is about 1.1 e.v.; for germanium it is 
about 0.7 e.v. 

Returning to Fig. 3b, the first empty band is called 
the conduction band and the one just below it is called 
the valence band. It is customary in semiconductor 
work to deal only with these two energy bands. 


aly 
» |) 
of2) 
[2] 


(A) (8) 


Intrinsic Conduction 


In germanium and silicon at room temperature, the 
valence band is almost completely full of electrons. A 
few electrons, however, have acquired enough thermal 
energy to move upstairs (energy-wise) into the con- 
duction band.} This process is referred to as thermal 
generation of electron-hole pairs (See Fig. 4). 

The process of generation is being continually bal- 
anced by an equal and opposite process, known as re- 
combination. The latter corresponds to a drop across 
the forbidden energy gap of an electron from the con- 
duction to the valence band. 


*1 electron volt = 16 x 10°” joules of energy. 


jPhysically, this means that a certain proportion of the 
covalent bonds between adjacent atoms have been broken as 
a result of thermal agitation. That is, a certain amount of 


electrons (and corresponding holes) have been freed to con- 
duct a current. 


¢Physically, this means that an elecrton and a hole have met 
and the electron has fallen back into the bond between ad- 
jacent atoms. If the transition of the electron across the for- 
bidden gap is a direct one, it is called radiative recombination 
because radiation is emitted (as in luminescence phenomena). 
More commonly, the transition occurs through an inter- 
mediate step, called a recombination center. Recombination 
centers arise from impurity atoms, dislocations, vacancies, and 
interstitials. They play a very important role in semiconductor 
devices because the net effect of recombination centers is to 
decrease the lifetime of excess carriers. An excellent review 
of recombination has been given by Bemski2” 
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E(K) 
Fig. 3 
(A) Energy of an electron as a func- 
tion of wave number for the periodi- 
cally varying field of a semiconductor 
lattice.! The gaps in the energy curve 
give rise to forbidden energy regions 
which are indicated schematically in 
(B). By translation of the energy 
curves into the first zone, (C) is ob- 
tained from (A). 


(Cc) 


The few electrons in the conduction band (and the : 
corresponding holes in the valence band) allow only a 
very small current to flow. If we heat up the silicon, , 
however, we notice a greater current. This is due to) 
the fact that we are driving more electrons up into the : 
conduction band and therefore creating more current ; 
carriers (n and p in Eq. 6). Contrary to what we notice : 
in metals, therefore, silicon (over a certain range of | 
temperature) has a negative temperature cofficient of 
resistance. 

It can be shown that the product of the electron and 
hole concentrations in a given semiconductor is a fune- 
tion of temperature only and is given by j 


E 
=n? = AT exp | =" 
neeees a2 | 


where A is a constant, T the absolute temperature, E, — 
is the energy of the forbidden gap at the temperature 
T, k is Boltzmann’s constant, and n; is known as the | 
intrinisic carrier concentration, the concentration of 
holes or electrons in a pure crystal. 

For germanium and silicon, n; at room temperature 
is approximately 2.410 and 1.510? carriers per | 
cm, respectively.!! The practical significance of this is 
that it is much more difficult to prepare intrinsic silicon 


(7) | 


CONDUCTION BAND 


RECOMBINATION 
CENTER 


GENERATION 


Fig. 4—Schematic representation of the generation and 
recombination of carriers. 
Cirele 29 on Reader Service Card —> 
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rmer has to be so much greater. 


On the other hand, since the forbidden energy gap 
_of silicon is greater than that of germanium, devices 
made from silicon can be operated at a higher tem- 
perature. As we shall see, the properties of devices 


han intrinsic germanium, because the purity of the 


mined and controlled by small amounts of doping im- 


purities deliberately added to the pure semiconductor. 


made from silicon and germanium are largely deter- 


At high temperatures, the thermally generated car- 
riers are so numerous that they mask the effect of the 
carriers produced by the impurities, and the device 
ceases to operate satisfactorily. 


(To be continued) 


APPLICATIONS ENGINEERING DIGESTS 


APPLICATIONS ENGINEERING DIGEST NO. 44 


Properties of Rectifier Systems and 
Means for Improving Voltage Division; 
International Rectifier Corp. El Se- 
gundo, Cal. (E. J. Diebold) 


Introduction 


Properties of the rectifier devices 
which affect voltage division have pre- 
viously been discussed. Rectifier systems 
have other properties which must be 
considered for a successful design. 

High voltage systems have specific 
properties which must be considered 
apart. Gas discharge effects, field dis- 
charge puncture, thermal failure of in- 
sulators, series connected insulators and 
partial breakdowns should not be over- 
looked. 

Individual voltage dividing resistors 
and/or capacitors together with the rec- 
tifier device form an elementary part of 
a string. Connecting many of them in 
series introduces mutual influence and 
interaction with the system. 


Capacitances to Ground 


High voltage systems with many de- 
vices connected in series are upset in 
their voltage distribution by connections 
to ground created by capacitive dis- 
placement currents. These can only be 
reduced to a minimum, beyond which 
they must be carefully considered in the 
system design. 

Displacement currents to ground are 
proportional to the rate of rise of the 


Fig. 44.1—Equivalent circuit of a rectifier string 
subjected to high voltages against ground. 


voltage to ground and the capacitance 
to ground. These currents must be fur- 
nished by the reverse current of the 
string of semiconductor devices, which 
is governed by the voltage appearing on 
each device, its reverse resistance and 
reverse capacitance. Reverse resistances 
of semiconductor devices are high, non- 
linear and vary greatly among indi- 
viduals devices. Reverse capacitances 
are low and non-linear. Reverse volt- 
ages appearing on the devices are rela- 
tively low, whereas voltages to ground 
may be very high and subject to violent 
fluctuations. Thus reverse currents in 
the string are due to moderate voltages 
appearing on low impedances, whereas 
displacement currents are due to much 
higher voltages on higher impedances. 
Displacement currents, however, should 
be much lower than reverse currents, 
otherwise they upset the voltage divi- 
sion. The numerical analysis is not easy 
because it must consider some elusive 
factors, such as: 
1. Capacitance and maximum voltage 
rate of rise on stray capacitances be- 
tween individual devices, mounting 
hardware, cooling fins and other ac- 
cessories on one side and any close 
or remote object or group of objects 
which may draw displacement cur- 
rents (electrostatic lines of force) on 
the other side. 
2. Variations of the above along a 
string of series-connected devices and 
between individual strings. 
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3. Minimum reverse resistances and 
maximum reverse capacitances of in- 
dividual devices. 

Figure 44.1 shows schematically a 
string of rectifier devices connected in 
series. There are N identical devices D, | 
each of them having an identical leak- 
age resistance R and an identical par- 
allel capacitance P. Indices refer to the 
position in the strip. Between devices 
and ground there are the capacitances 
G, all of them assumed to be identical. 
Terminals “A” (anode) and “C” 
(cathode) are subjected to the voltages 
E, and E., wherein the cathode voltage 
is higher than the anode voltage because 
the devices are assumed to be in the 
blocking part of the cycle. All the resis- 
tive and capacitive properties of the de- 
vices are assumed to be in the compo- 
nents R, P and G. 

Capacitances G to ground, other de- 
vices, the walls of a building, shields or 
enclosures are not always easy to deter- 
mine. It is not permissible to assume 
that the capacitance is zero, merely 
because the ground is far away. For ex- 
ample, a 1% inch square plate, held in- 
finitely far away from the ambient en- 
closure, has an approximate capacitance 
of 15 micromicrofarad. If the space is 
filled with askarel, the capacitance is 
approximately 7 micromicrofarad. If a 
tank wall is in close proximity (to 
contain the askarel), the capacitance 
increases. To obtain valid results from 
the systems shown in Fig. 44.1 the fol- 


Fig. 44.2—Determination of the rise 
time constant, T. 
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lowing assumptions must be made: 

1. The number of devices in series is 
substantially larger than unity (e.g. 
10 or more). 

2. Voltages E- and E, are applied at 
the same time and rise propor- 
tionally as time advances. 

3: Voltages E, and E, increase ex- 
ponentially with time as in: 


ee exp t/T 
exp t;/T 


wherein E; is the final voltage oc- 
curing after the time t;, having the 
final rate of rise of E;/T volts per 
second. 

4. The series inductance L of the en- 
tire string of rectifiers (against re- 
turn in the other strings or ground) 


must be substantially small as in 
the expresion: 


ian (4) 
P 20 


Note: Small wires have a high induc- 
tance. Traveling waves with fast rise 
time cannot propagate into an inductive 
system. Instead, they create extremely 
high voltages at the incoming terminals. 

Although real voltages do not follow 
the assumed rise curve, the theory is 
still valid if the final voltage and the 
steepest rate of rise are used to deter- 
mine the time constant T. Fig. 44.2 
shows on the left hand side the assumed 
curve with the rise time constant T and 
the final voltage E,. On the right hand 
side appears a more realistic voltage in 
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which the steepest rate of rise and the | 
highest voltage are used to determine | 
an analog rise time constant. 

With these assumptions, voltages 
against ground, at any time during the 
rise time interval t;, are determined by: 


n 
N \ sinh m 
En Fae iE, = Ea cosh — Sate 
m/}/ sinh N 
m 
+ E, cosh ape 
n 


A T/R+P 
wherein m= V a Aa ae 


and n is the position number of the de- 
vice under investigation. 


APPLICATIONS ENGINEERING DIGEST NO. 45 


Power Supplies Using Silicon Recti- 
fiers; U. S. Semiconductor Products, 
Phoenix, Arizona. (E. Botwinick) 


Advantages of Silicon Rectifiers 


Silicon rectifiers have both physical 
and electrical advantages over vacuum 
tube rectifiers and over germanium and 
selenium rectifiers as indicated by the 
following Table I. Semiconductor diodes 
can be easily series connected to achieve 
higher PIV’s. Vacuum tubes connected 
in series must have filament windings 
on the power transformer sufficiently 
well insulated to take voltages above 
ground which each unit will get. 

Power Supplies Us- 
ing Silicon Rectifiers 
Single phase—half wave (Fig. 45.1) 
Tz- must not exceed the maximum 


+E 
ej =Em sina a 
i =1m sine d 
een (NOTE 1) : 
R, +E 
Tg-¢= a T nse £0 CS 
Ee, 


Fig. 44.1—Single phase, half wave rec- 
tifier. : 
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TABLE I 
SILI- GERMA- SELEN- VACUUM 
CON NIUM IUM TUBE 
Size Subminiature | Subminiature Bulky Large to 
Miniature 
Forward Conduc-|_ .5 to 2 volts 5 to 2 volts 10 to 15 volts | 10 to 80 volts 
tion Losses 
Filament Power None None None Varies with 
tube size 
Operating Ambi- —55°C to —55°C to —55°C to —30°C to 
ent Temperature +200°C +85°C +100°C +100°C 
Range 
Maximum Avail- 700 Volts 700 Volts 48 Volts 100 kv 
albe PIV (1) per cell 
Back Current lua lua 1 ma or less lua 
+ 
Ry 
t = 
ej 
{ 
+Em 
‘ ej =Emsina at 
i =Imsina Ge 
Em “Em 
Imp (NOTE 1) ea 
ce E 21 I 
m=/2 Erms(NoTe2) €9 0 Tea — I rms? C00 
ses ae 
Fig. 44.2—Single phase, full wave, Fig. 44.3—Single phase, full wave, 
center tapped. bridge. 
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half-wave rectified current spec for the 

diode used. 

- Em must not exceed the PIV of the 
diode. (Allow for any fluctuation in 

Em.) (Note 2) 

Single Phase Full Wave Center Tapped. 
(Fig. 45.2) 

 Ia-c (through load, Rr) can be twice 
the rated maximum half wave rectified 
current specified for each diode. 

E, must not exceed the maximum 

PI.V. for the diode in use. 


Single Phase Full Wave Bridge (Fig. 
45.3) 
Ii-c through the load must not exceed 


twice the rated maximum average rec- 
tified current (Note 2). 

E,, must not exceed the P.LV. of the 
diode (Allow for any fluctions in E»). 

The circuit affords greater trans- 
former utilization and is particularly 
practical with semconductor diodes 
since there are no filaments requiring 
filament supply windings to be in- 
sulated to the maximum working volt- 
age of the circuit. 


NOTE 1. This expression neglects the 
forward resistance of the 
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diode, which is of the order of 
magnitude of 1-10 ohms with 
typical silicon rectifiers. If this 
is of the same order of magni- 
tude as Rx, then this expres- 
sion becomes: Im = Evals 

Ry, + vr 
where r, is determined from 
the characteristic of the diode. 


NOTE 2. A.C. voltages such as line volt- 
age are conventionally given 


in rms values. Em = /2 Erms 
for single phase a-c. 


APPLICATIONS ENGINEERING DIGEST NO. 46 


Silicon Transistor Logic Circuits for 
Industrial Systems; Texas Instruments 
Incorporated, Dallas, Texas. 
Transistor-Resistor Logic 


Transistor-Resistor Logic is very 
simple, inexpensive, and versatile. It is 
easy to design, has good reliability, does 
not depend entirely on transistor pa- 
rameters, and provides adequate design 
margins. For these reasons it was chosen 
as the type of circuit to be used for in- 
ductrial systems, even though its speed 
is limited by the transistor that is used. 
Tf faster types are used, the speed of the 
logic circuits will be increased. Very 
few of the lower priced silicon transis- 
tors exceed a 15-usec switching time in 
such circuits, easily meeting the re- 
quirements of a great many industrial 
systems. 

Figure 46.1 shows a simple TRL cir- 
cuit and its table of combinations. 

If a one input is defined as a high 
voltage and a zero input is defined as a 
low voltage, then the circuit has a zero 
output whenever A, B, or C is a one. 
The only time a one is present at the 
output is when a zero is present at each 
of the three inputs. Z is equal to one; 
Z’ is equal to zero. Therefore, the logic 
statement is Z = A’B’C’. This means Z 
is a one when A and B and C are each 
not one. This circuit can also be identi- 
fied, after examining the table of com- 
binations as a circuit with a Z’ (negative 
of Z) output, when A or B or Cis a 
one. For this reason TRL logic has been 
called nor logic. 

If the TRL circuit of Fig. 46.1 had 
only one input, the circuit would be an 
inverter. By combining two such cir- 
cuits back-to-back, a flip-flop is formed 
that can be used as a memory circuit. 

Figure 46.2 shows the duplication of 
the English and and or functions with 
TRL logic blocks. 

Each of the equivalent logic circuits 
using TRL have more blocks than the 
original and or or. Therefore, it would 
seem that any system would require 
more blocks for TRL logic than for any 
other logic. This is not necessarily true. 


For example from Fig. 46.2, coupling 
an or to an and circuit allows two in- 
verters, which are in series, to be 
eliminated reducing the number of 
blocks. Such reductions can actually re- 
sult in less blocks in the system. 

The objective of many designers of 
logic systems is to use one standard 
block repeatedly throughout the sys- 
tem to obtain all the logical functions 
required. The standard block can ac- 
cept a maximum number of inputs 
and drive a maximum number of 
identical blocks at the output. This 
means that in actual systems the stand- 
ard block often accepts fewer inputs 
than maximum and drives considerably 
fewer blocks than maximum. Less than 
100% usability is the sacrifice made 
when using a standard package. How- 
ever, with only one package, it can be 
made in large volume and the purchas- 
ing, storing, and maintenance function 
for the system may be cheaper. But in 
some industrial systems the large vol- 
ume need may not be present; conse- 
quently, a standard package may not 
sufficiently reduce the total cost. 

Since the switching times required 
are generally much slower than 15 usec, 
and since cost is usually the most im- 
portant consideration after the specifi- 
cations for 5-10 year reliability have 
been accepted, methods of system de- 
sign ean be used to reduce the total cost 
of the transistor used. One such method 
is described. 


(a) TRL Circuit (b) Table of Combinations 


Fig. 46.1—Simple TRL circuit. 
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TRL Circuit Design 

The TRL circuit of Fig. 46.3 can be 
analyzed by writing equations for the 
case when the transistor is on or fully 
saturated and the case when the tran- 
sistor is off and passing only leakage 
current. M is the number of inputs that 
can provide driving power. N is the 


Z=ABC 


(a) English AND (b) TRL AND 


(ec) English OR 


(d) TRL OR 


Fig. 46.2—Equivalent TRL circuits for 
and and or. 


| 

| 

| 

| Voetsat) 
N STAGES Vee 

Fig. 46.3—TRL logic circuit for analy- 

sis. 
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number of logic stages driven in parallel 
from any output. The on equation 1s 
developed at the lowest operating tem- 
perature, while the off equation 1s de- 
veloped at the highest operating 
temperature, because these are nor- 
mally the worst case conditions. 

Tolerances must be placed on resistor 
values and power supply voltages after 
a given set of transistor parameters are 
selected. The largest transistor param- 
eter variations are put into the equa- 
tions at the extreme temperatures. The 
two equations are then solved simul- 
taneously. The equations and a typical 
type of solution are shown in Fig. 46.4. 
The factors indicating the resistor and 
voltage tolerance variations are omitted 
from the equations for the sake of 
clarity. Note the effect of the change in 
resistor and voltage values. 

The solution for the equations is in 
the area bounded by the two curves. A 
worst case design would be inside the 


and Circuits and Applications 


The abstracts appearing in this issue cover the inventions relevant to semiconductors from 
Mar. 18, 1958 to May 20, 1958. In subsequent issues, patents issued from May 20, 1958 to date 
will be presented in a similar manner. After bringing these abstracts up to date, PATENT 
REVIEW will appear periodically, the treatment given to each item being more detailed. 


March 18, 1958 

2,827,599 Transistor—P. J. Jachems. As- 
signee: North American Phillips Com- 
pany Inc. A device for increasing the 
current amplification factor, particularly 
at high values of I, and I,., and for re- 
ducing the collector saturation current. 


2,827,606 Magnetic Amplifier—F. W. Kelly, 
Jr., C. M. Siegel. Assignee: General Elec- 
tric Company. A system in which an 
auxiliary load circuit operates to correct 
malfunctioning with computer e.mf. 
loads, without using significant quanti- 
ties of power and without introducing 
high impedances into the circuitry. 


2,827,611 Transistor Demodulator and 
Modulator—J. W. Beck. Assignee: North 
American Aviation Inc. A reversible out- 
put, phase-sensitive demodulator and 
modulator circuit utilizing transistors. 


March 25, 1958 
2,827,724 Method And Apparatus For 
Determining Etch Depth—R. V. KEdds. 


*Source: Official Gazette of the U. S. Patent 
Office and Specifications and Drawings of 
Patents Issued by the U. S. Patent Office. 
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Fig. 46.4—Typical solution of TRL circuit design. 


area bounded by the 5%R, and 5%V 
curves—for example, point A on Fig. 
46.4. This means that the voltage and 
the resistors can vary in value by 5% 
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PATENT REVIEW" 


Of Semiconductor Devices, Fabrication Techniques and Processes, 


Compiled by SIDNEY MARSHALL 


Assignee: Turco Products, Inc. Apparatus 
for collecting and sensing the presence of 
a gas evolved during the etching of a 
workpiece, the amount of said gas being 
indicative of the amount of the material 
removed by the etchant, said apparatus 
causing the workpiece to be removed 
from the etching solution when a pre- 
determined quantity of gas has been 
evolved. 


2,827,125 Apparatus For Determining 
Depth of Etching—R. V. Edds. Assignee: 
Turco Products Inc. A method and ap- 
paratus for removing an etched body 
from the etching solution upon the attain- 
ment of derived depth of etching, said 
apparatus being sensitive to the loss of 
weight of the workpiece as a result of 
the etching action. 


2,828,187 Preparation of Titanium Dioxide 
—A. W. Evans. Assignee: British Titan 
Products Co. Ltd. The method includes 
forming a fluidized bed of inert particles, 
introducing titanium tetrachloride and 
oxygen into the bed, and causing the 
titanium tetrachloride and the oxygen to 
react under the influence of an elevated 
temperature thereby forming titanium 
dioxide. : 


Veeiony — Veo + 'ceoR 
R+ROTRN—D 


rs OFF 
“| 0%R, O%V 
| 5%R, O%V 


(in opposite direction) and still yield 
a valid solution. Notice the significant ; 
reduction in area from the 0%R, 0%V - 
curves. 


2,828,192 Method For Etching Metals— 
W. P. Langsfeld. Assignee: Turco Prod- 
ucts Inc. Included in the etching meth- 
od are means and procedure for con- 
trolling the surface froth in an etching 
bath. 


2,828,232 Method For Producing Junctions 
in Semiconductor Device—J. H. Myer. 
Assignee: Hughes Aircraft Co. The method 
consists of bringing a salt containing an 
active impurity into contact with a por- 
tion of the surface of a semiconductor 
crystal, and heating the combination to a 
temperature below the decomposition 
temperature of the salt and below the 
melting point of the crystal but above 
the melting point of the salt. 


2,873,450 Transistor Controller—B. H. | 
Pinckaers. Assignee: Minnneapolis- | 
Honeywell Regulator Co. A transistor 
control circuit with a variable defferen- 
tial for use in condition control systems. 


2,828,452 Humidity Protective Treatment 
For Selenium Rectifier Cells—A. C. Billel- 
deaux, R. E. Shearer. Assignee: Westing- 
house Air Brake Co. The method 
consists of immersing the cells in a non- 
aqueous solution of an amphipathic mate- 
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2,828,453 Selenium Rectifiers—E. I. French. 
_ Assignee: Westinghouse Brake And Sig- 
nal Co. Ltd. A selenium cell comprising a 
base plate, a selenium layer theron, a 
nongenetic barrier layer of ethoxylene 
using acrylic linear polyhedric alcohol, 
and a counter-electrode on said barrier 
layer. 


April 1, 1958 
2,829,074 Manufacture of Evaporated Lay- 
ers—H. G. Lubszynski. Assignee: Electri- 
eal and Musical Industries Ltd. A method 
for evaporating a spongy coating of pho- 
toconductive material on a surface in the 
interior of an envelope by evacuating 
said envelope, introducing xenon therin 
and heating the photoconductor causing 
it to evaporate and form a spongy coat- 
ing on said surface. 


2,829,075 Field Controlled Semiconductor 
Devices and Methods of Making Them— 
J. I. Ponkove. Assignee: R.C.A. Unipolar 
and tetrode high frequency transistor 
devices. 


2,829,203 Electronic Telephone Subscribers 
Line Circuit for Neutralizing the Effects 
of Longitudinal Induction and Longitu- 
dinal Unbalance—H. Pitlik. Assignee: 
Bell Telephone Laboratories. A telephone 
transmission system that effects neutrali- 
zation of longitudinal unbalance effects 
due to earth potentials, trouble grounds, 
and leakage resistance to ground that are 
subject to earth potential. 


2,829,205 Duplex Signaling Circuit—G. El- 
liot. Assignee: General Dynamics Corpo- 
ration. A duplex signaling circuit that 
utilizes transistors to repeat supervisory 
signals received over a signal path from 
a distant office. 


2,829,257 Transistor Oscillator Circuit— 
E. Root. Assignee: R. E. Dietz Co. An 
electronic switching device that operates 
on a low voltage source of direct current. 


2,829,264 Detection and Measurement of 
Penetrative Radiation—A. D. Garrison. 
Assignee: Texaco Development Corpora- 
tion. An X-ray or gamma ray detector. 


2,829,265 Electrode Structure for Imaging 
Device—W. J. Harper. Assignee: Westing- 
house Electric Corporation. Forming a 
screen by laying down on a metallic grid 
a film of thermally removable organic 
material, depositing thereon an imper- 
forate septum of one of the following, 
GeO,, SiO, CaSiO,, CaF,, BaF,, or MgF,, 
depositing a layer of zinc sulphide phos- 
phor on one side of said septum, and on 
the other side thereof depositing a photo- 
electric layer of cesiated antimony. 


2,829,280 Stair Step Wave Form Gener- 
ator—W. M. Goodall. Assignee: Bell Tele- 
phone Laboratories. A synchronized stair 
step wave-form generator adapted for 
use in a time division circuit for multi- 
plex communication systems. 


2,829,281 Transistor Switching Circuit— 
A. J. van Overbeek. Assignee: North 
American Phillips Co. Incorporated. A 
switching circuit designed for use as a 
live switch for a line which carries a-c 
signals in both directons. 


2,829,282 Pulse Generator—R. W. Hughes, 
R. L. Plouffe Jr., H. T. Peretko. Assignee: 
International Telephone and Telegraph 
Corporation. In a square wave pulse gen- 
erating system, two germanium diodes 
connected in parallel and employed to 
exhibit a given voltage clipping function. 


2,829,320 Encapsulation for Electrical Com- 
ponents and Method of Manufacture— 
T. L. Dimond. Assignee: Bell Telephone 
Laboratories. A housing for semicon- 
ductor devices comprising hermetically 
sealed glass bushings sealed about the 
leads to the semiconductive body, a res- 
inous body completely encapsulating the 
translating device and partially covering 
the glass bushings, and a metal coating 
covering the resinous body. 


2,829,324 Low Voltage Electrical Motive 
Means—W. E. Sargeant. Assignee: General 
Motors Corporation, A low voltage d-c 
motor having no movable electrical con- 
tacts, said motor being actuated by trans- 
istorized control circuits. 


April 8, 1958 

2,829,422 Methods of Fabricating Semi- 
conductor Signal Translating Devices— 
C. S. Fuller. Assignee: Bell Telephone 
Laboratories. A method that includes 
applying a gold coating to one surface of 
an n-type germanium body, placing a 
copper particle on the gold coating, and 
heating the assembly to between 600° and 
900°C to diffuse copper into said body. 


2,829,992 Fused Junction Semiconductor 
Devices and Method of Making Same— 
R. A. Gudmundsen, W. P. Waters. As- 
signee: Hughes Aircraft Company. A 
fused junction transistor comprising: a 
germanium or silicon, impurity doped, 
crystallographically oriented semiconduc- 
tor specimen having a flat-bottomed re- 
cess in one surface thereof with n-type 
material at the bottom of said recess, a 
second n-type region on the other face 
of said specimen and separated from the 
first region by p-type material. 


2,829,993 Process for Making Fusing Junc- 
tion Semiconductor Devices With Alkalai 
Metal—Gallium Alloy—J. H. Myer, W. P. 
Waters. Assignee: Hughes Aircraft Com- 
pany. A method of fusing a metal alloy 
pellet to a region of active impurity- 
doped semiconductor starting crystal. 


2,829,994 Method for Preparing Silicon- 
Germanium Alloys—P. E. Stello. Assignee: 
Hughes Aircraft Company. A method of 
converting polycrystalline silicon and ger- 
manium to single crystal silicon-germa- 
nium alloy that has an accurately prede- 
termined composition. 


2,829,999 Fused Junction Silicon Semicon- 
ductor Device—R. A. Gudmundsen. As- 
signee: Hughes Aircraft Company. A 
fused junction device having a very low 
resistivity regrown region, said device 
utilizing a boron-aluminum alloy as the 
acceptor active impurity to produce said 
regrown region. 


2,830,127 Interphone Communications Cir- 
cuit—W. H. Ferguson, R. E. Rawlins. 
Assignee: Lockheed Aircraft Corporation. 
A system employing automatic meeting 
means that causes an applied input at a 
receiver to be reduced in volume due to 
the action of an audio signal from an- 
other interphone station. 


2,830,128 Condenser Time Delayed Signal 
Repeater—A. J. Radcliffe Jr., A. R. Denz. 
Assignee: International Telephone and 
Telegraph Corporation. A diode gate is 
connected between an a-c source and 
an a-c transistor amplifier in such a 
fashion as to pass alternating current or 
to block it according to the voltage across 
a condenser. 


2,830,134 Direct Coupling Two Stage Tran- 
sistor Amplifier—J. M. Moulon. Assignee: 
none. A direct coupled two-transistor 
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amplifier having no interstage transformer 
and utilizing a single source of power 
instead of one source for each stage, said 
apparatus being capable of operating as 
a d-c amplifier. 


2,830,199 Pulse Generating Circuits—J. 

Mofenson. Assignee: Raytheon Manufac- 
turing Company. A pulse generator, uti- 

lizing a delay line in the collector circuit 

of a point contact transistor, to generate 

a constant amplitude pulse in which the 

effects of hole storage are eliminated, 

thereby producing a pulse of definite 

width. 


2,830,238 Heat Dissipating Semiconductor 
Device—R. A. Gudmundsen. Assignee: 
Hughes Aircraft Company. A fused junc- 
tion device mounted in a glass envelope 
filled with air or an inert gas, said device 
being characterized by negligible stray 
capacitance and good power dissipating 
characteristics. 


2,830,239 Semiconductor Alloys of Gallium 
Arsenide—-D. A. Jenny. Assignee: R.C.A. 
A semiconductor device comprising a 
body of an alloy of gallium arsenide and 
germanium, with at least one rectifying 
electrode in contact therewith. 


2,830,242 Servo System Measuring Appa- 
ratus—H. E. Darling. Assignee: The For- 
baro Company. In one form of the ap- 
paratus the combined output signals of a 
Wheatstone bridge and a magnetic device 
are amplified by a multistage transistor 
amplifier and thus detected in a phase 
sensitive rectifier in order to produce a 
D.C. signal used to energize a magnetic 
motor. 


April 15, 1958 

2,830,920 Manufacture of Semiconductor 
Devices—I. D. Colson, R. D. Knott, M. R. 
Young. Assignee: The General Electric 
Company Ltd. A method of achieving 
regularity of the boundary between the 
redeposited layer of a semiconductor de- 
vice and the remainder of the semicon- 
ductor body. 


2,831,064 Line Circuit Using Transistors— 
A. H. Foulkner. Assignee: General Tele- 
phone Laboratories Inc. A line circuit 
which utilizes semiconductor devices to 
perform switching operations. 


2,831,067 Subscriber Telephone Set—H. W. 
Bryant. Assignee: Bell Telephone Labo- 
ratories. In a communication system, a 
subscriber telephone set circuit is con- 
nected to a subscriber loop, said set cir- 
cuit utilizing a transistor amplifier. 


2,831,113 Transistor Relaxation Circuits— 
D. C. Weller. Assignee: Bell Telephone 
Labs. A two transistor relaxation circuit 
in which the duty cycle is freed from 
dependence upon the load impedance. 


2,831,114 Transistor Amplifier With Bias 
Stabilization—A. J. van Overbeek. As- 
signee: North American Phillips Co. Inc. 
Bias stabilization is achieved by means 
of a temperature dependent resistor in 
the bias circuit of the transistor. 


2,831,126 Bistable Transistor Coincidence 
Gate—J. G. Linvell, R. L. Wallace Jr. 
Assignee: Bell Telephone Laboratories. 
A device which provides a positive re- 
sponse to the concurrent applications of 
two or more selected control signals. 


2,831,127 Trigger Control Circuit Arrange- 
ment—J. W. Braicks. Assignee: North 
American Phillips Inc. In transistorized 
trigger control circuit pulses are intro- 
duced which control the trigger through 
the emitter base capacity of the transis- 
tors, said pulses producing across the 
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output resistors of the transistors, said 
pulses which correspond to the position 
of the trigger. 


2,831,128 Transistor Trigger Circuit—E. E. 
Sumner. Assignee: Bell Telephone Labs. 
A device which turns a bistable circuit 
to the off position regardless of the out- 
put load of the circuit, and in so doing 
presents a maximum impedance to the 
turnoff pulse source during the turnoff 
interval. 


April 22, 1958 

2,831,784 Coating Process Forming Layers 
of Germanium—E. Gastinger. Assignee: 
Centre National D’Etudes des Telecom- 
munications (France). A process of vac- 
uum coating a layer of germanium onto 
a surface of a solid base body which is 
physically and chemically inert at tem- 
peratures between 400° and 600°C and 
which does not alloy with germanium. 


2,831,876 Alloyed Connections to Semi- 
conductors and Manufacturing Methods 
Therefor—J. L. Moll, C. D. Thurmond. 
Assignee: Bell Telephone Laboratories. A 
method of forming a strain free alloyed 
connection to a body of silicon or ger- 
manium or alloys thereof by fusing a 
portion of said body with gold, incorpo- 
rating thallium into the fused mass and 
freezing said mass. 


2,831,787 Silicon- Base Semiconductor 
Devices and Method of Manufacture 
Thereof—R. Emies. Assignee: Siemens 
Schuckertwerke Aktiengesdlschaft. A 
manufacturing method that includes plac- 
ing N-type germanium on a surface of a 
monocrystalline P-type silicon body and 
fusing the silicon and germanium to 
form an alloy layer. 


2,831,968 Differential Automatic Gain Con- 
trol—T. O. Stanley, L. A. Freedman. 
Assignee: R.C.A. In a pair of cascade 
coupled transistor signal amplifier stages, 
an automatic gain control characteristic 
for establishing an optimum signal trans- 
lating characteristic over a wide range 
of signal levels. 


2,821,981 Photoelectric Relay Apparatus— 
B. N. Watts. Assignee: The British Thom- 
son-Hunter Co. Ltd. A photo-electric cell 
with a photosensitive transistor amplifier 
for amplifying the photo-cell output, said 
amplifier also responding to the light 
err that are energizing the photo- 
cell. 


2,831,983 Trigger Circuit—B. Ostendorf Jr. 
Assignee: Bell Telephone Laboratories. A 
sensitive bistable, single transistor flip- 
flop circuit. 


2,831,984 Cross Point Switching Circuit— 
J. J. Ebers, S. L. Miller. Assignee: Bell 
Telephone Laboratories. A cross point 
switching circuit including a cross point 
switch having a continuous negative re- 
sistance characteristic which is stable 
and reproducible. 


2,831,986 Semiconductor Trigger Circuit—- 
E. E. Summer. Assignee: Bell Telephone 
Laboratories. A multivibrator circuit that 
enables reverse base current to flow dur- 
ing the transistor turnoff interval and to 
shut off base current during the off pe- 
riod of the transistor. 


2,831,987 Transistor Binary Comparator— 
J. P. Jones Jr. Assignee: Navigation Com- 
puter Corporation. A material equiva- 
lence circuit that is adaptable to tran- 
sistor driving elements. 
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2,832,014 Selenium Rectifier and Method 
of Making Such Rectifier—R. B. John- 
son, Assignee: International Business Ma- 
chines. An assembly of backing metal, 
selenium low melting point metal, and 
insulating material, said assembly com- 
prising a sheet like unit incorporating a 
plurality of series connected selenium 
cells. 


2,832,015 Rectifier Device—H. R. Ortega. 
Assignee: One Half Interest to Morris 
Bookstein. In a selenium rectifier stack 
assembly, a spacer element providing a 
large contact area thereby reducing the 
danger of overheating. 


2,832,016 Crystal Diode—D. Bakalar. As- 
signee: None. A diode in which the 
pointed electrode forms a permanent con- 
nection with the germanium crystal leg 
forming therewith a eutectic alloy junc- 
tion which is sealed and permanent. 


2,832,034 Regulated Power Supply System 
Using Transistors—M. Lillienstein, A. W. 
Mutphy. Assignee: International Tele- 
phone and Telegraph Corp. A power 
supply system having high regulation, 
low ripple content, low output imped- 
ance, small volume, and low weight. 


2,832,035 Transistor Voltage or Current 
Regulator—G. Bruck, J. J. Lamplot, W.R. 
Harter. Assignee: Avco Manufacturing 
Corp. A current or voltage regulator sys- 
tem utilizing a plurality of transistors 
that are directly coupled in cascade to 
vary a load current by controlling the 
current passed to the load by one of 
the transistors. 


2,832,051 Push-Pull Transistor Modulator 
—G. Raisbeck. Assignee: Bell Telephone 
Laboratories. A transistor modulator 
which has low power consumption, and 
increased efficiency. 


2,832,066 Memory Elements for Electrical 
Control Systems—H. A. Perkins Jr. As- 
signee: Westinghouse Electric Corp. A 
memory element that will tolerate a 
wide variation in the output voltage of 
a control system without unbalancing 
the functioning of the memory element. 


April 29, 1958 


2,832,702 Method of Treating Semicon- 
ductor Bodies for Translating Devices— 
B. Schwartz. Assignee: Hughes Aircraft 
Company. A method of rendering the 
surface of a semiconductor body mois- 
ture resistant without subjecting the 
body to damaging temperature conditions. 


2,832,846 Phase Inverter Complementary 
Transistor Amplifier—F. D. Waldhauer. 
Assignee: R.C.A. A phase inverter circuit 
that gives balanced output current de- 
spite other circuit variations. 


2,832,898 Time Delay Transistor Trigger 
Circuit—P. R. Camp. Assignee: R.C.A. 
A semiconductor device and system hayv- 
ing some of the characteristics of thyra- 
tron type devices and systems. 


2,832,899 Electric Trigger Circuits—A. E. 
Brewster. Assignee: International Stand- 
ard Electric Corp. A crystal triode trig- 
ger circuit which responds only to cer- 
tain selected triggering pulses. 


2,832,900 Transient Overvoltage and Short 
Circuit Protective Network—G. M. Ford. 
Assignee: U.S.A. (Navy Dept.). A protec- 
tive network for a transistor voltage or 
current regulator, said circuit being ef- 
fective after each cycle of voltage over- 
load or short circuit to return the regu- 
lator to normal operating conditions. 


2,832,946 Control Apparatus—K. H. Beck. 
Assignee: Minneapolis-Honeywell Regu-: 
lator Company. Fail safe control appara-. 
tus including a bridge circuit, nonlinear: 
temperature sensing elements such asi 
thermistors and a multistage transistor‘ 
amplifier. 


2,832,947 Control Apparatus—T. A. Patch-. 
ell, R. Mayer. Assignee: Minneapolis- 
Honeywell Regulator Company. A two 
channel monitor wherein both channels: 
monitor the same condition, said appa- 
ratus performing a control operation: 
only if both channels indicate an unsafe 
condition. 


i 
2,832,950 Alarm System—H. Snyder. As- - 
signee: None. A fire or burglar capacity j 
alarm system that automatically changes 
and which continuously indicates its state = 
of operativeness. 


May 6, 1958 
2,833,628 Manufacture of Silicon Tetra- - 
fluoride—M. C. Molstad. Assignee: W. R. - 
Grace and Company. A method of in-- 
volving the treatment of fluorosilicie acid 
with a solution of sulphuric acid stronger © 
than 80% by weight. 


2,833,675 Method of Imparting Red Re- - 
sponse to a Photoconductive Target for = 
Pickup Tube—P. K. Weimer. Assignee: : 
R.C.A. The method consists of depositing £ 
a layer of amorphous selenium on a base » 
member that is maintained at a tempera- } 
ture below the crystallization point of ‘ 
selenium and heating the layer to be- - 
tween 80°C and 100°C for 1.5 to 15 min- - 
utes. 


2,833,870 Automatic Gain Control Systems | 
—C. R. Wilhilmsen. Assignee: Hayetine » 
Research Inc. An A.G.C. system in which © 
the gain control bias is applied to a tran- 
sistor circuit of the system without af-_ 
fecting the operation region of the tran- 
sistor. 


2,833,969 Semiconductor Devices and Meth- 
ods of Making Same—S. M. Christian. 
Assignee: R.C.A. A silicon or germanium — 
semiconductor device including a P-type 
region having an excess of P-type over 
N-type impurities, said excess being on 
the order of 10 to 10-7 percent. 


2,833,971 Rotary Inductor Signal Trans- 
mitter—J. W. Gray. Assignee: General 
Precision Laboratory Inc. A synchro sys- 
tem having a servomechanism output 
shaft with a limited range of motion, and 
means for keeping said shaft at an angle 
representing the input shaft angle within 
said limited range. 


May 13, 1958 


2,834,652 Recovery of Selenate Values 
Contained in Sulfuric Acid Solutions— 
M. L. Hollander, V. E. Lebedeff. As- 
signee: American Smelting and Refining 
Company. In a process for recovering 
selenate selenium values contained in a 
sulphuric acid solution, the process of 
recovering elemental selenium by treat- 
ing said values with thiourea in solution. | 


2,834,697 Process for Vapor-Solid Diffusion 
of a Conductivity-Type Determining Im- 
purity in Semiconductors—F. M. Smits. 
Assignee: Bell Telephone Laboratories. 
The method includes introducing the de- 
sired impurity in vapor form into a dif- 
fusion furnace at a controlled rate, the 
semiconductive body being present in the 
furnace concurrently. 


[To Be Continued] 
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CONDENSED SUMMARY 


Mechanism of these devices explained in fairly simple 
terms. Review of present state of the art dealing with 
the semiconductor diode and ferrite type amplifiers. 


Brief account of the theoretical basis of thermoelec- 
tric cooling. Review of the different fields of possible 
application. 


Effects of the nonideal characteristics of real diodes on 
function generators, and description of universal diode 
function generators commercially available. 


Basic article includes discussion of the tunnel effect, 
small-signal equivalent circuit, amplifier and applications. 


This second installment deals with the following sub- 
circuits: drive, power, and filter. Various aspects of me- 
chanical design and packaging. 


Progress in the design and application of etched or 
printed circuits is reviewed in terms of materials, tech- 
niques, and associated components. 


Basic article includes discussion on microscopic and 
macroscopic viewpoint, basic circuits, heat pumps, and 
temperature sensing. 


Sequence timing is effected by NOR elements acting as 
binary multivibrators and flip-flops. 


Discussion of systems, circuits, and applications of com- 
bined controlled rectifier and magnetic amplifier devices. 


Characteristics of the tunnel diode, operational limita- 
tions imposed on the designer by these characteristics, 
and their effect on circuit stability. 

Methods of measuring tunnel diode parameters; how 
stability considerations apply. 


Curves are presented showing the variation of a-c and 
d-c slope resistance with both current and voltage, break- 
down voltage variation with temperature, and the for- 
ward characteristics. 


A design of a suppressor is described which uses transis- 
tor preamplification and two indirectly-heated thermistors 
to control the feedback. 


The basic circuit is presented of a practical solution to 
the problem of a variable load current using a resistance 
shunted buffer section. 


The electrical performance of silicon power rectifiers is 
related to their characteristics, and shown to be depend- 
ent upon their junction temperature. 


Detailed design procedures for circuits representing a 
general case where logical voltage levels alternate sym- 
metrically above and below ground. 


Design procedures for sweep circuits, afe. and FM modu- 
lator; also, potential applications to satellite and missile 
telemetering transmitters and receivers. 


Sweep linearity errors of less than 0.08% are achieved 
with 3-transistor version of Miller sweep circuit. Repeti- 
tion rates from 3 k-c to 30 k-c are obtainable. 


Combination of solar cell arrays and battery requires 
consideration of the inherent diode formed by the p-n 
junction of the cell. 


A theory common to diode phase-meters and phase-sen- 
sitive detectors is worked out for two types generally 
known as the simple push-pull and the balanced push- 
pull detectors. 


Discussion of transistorized circuitry includes signal gen- 
eration, ratings, operation, and application. 


ermits 40-watt fluorescent 


Inverter working at 1,250 cps 
-c battery. 


light to operate from 24 volt 


Compact 5-transistor circuit uses breakdown diodes to 
regulate voltage inputs between 140V and 113V to within 
0.5V of 110V. 


ossibilities of utilizing these materials 
evices. 


Discussion of the 
in semiconductor 


Two transistors and a diode regulate voltage; a transistor 
limits current; a diode protects against reverse current. 


Techniques used in designing a sweep oscillator may also 
be used in analogous problems to predict possible sources 
of trouble. 


Simultaneous transistorized gating of oscillator and radia- 
tion detector permits recording of flow rate of jet fuel 
containing radioactive measurements. 


Controlled current flow in insulators points to new class 
of devices. Cadmium sulphide diodes have been built, 
and triodes are envisioned. 
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CONDENSED SUMMARY 


Se es Se ee EL ee 


isti f 27 power amplifiers that can be designed to 
soe yerious eribiiedons! of electric, radiative and ther- 
mal power. 


With this method it is possible to use a fixed reactance 
to frequency modulate a resonant circuit. 


A description is given of a practical cavity maser using 
a ruby, and the system applications discussed. 


An expression giving the collector avalanche voltage in 
an alloyed junction transistor as a function of base re- 
sistance is developed. 


Ion drift under specific conditions offers a simple method 
for investigating diffusion constants as well as chemical 
interactions within the host lattice. 


The diffusion of boron into silicon has been investigated 
over a temperature range of 1050°C to 1350°C using an 
open-tube vapor-solid diffusion technique. 


Information has been obtained on: majority carrier life- 
time, band gap, activation energy for conductivity, activa- 
tion energies and densities of trapping centers for carriers. 


Studies of the effects of the polar axes on the etch rates 
are reported for several etches on InSb, InAs, GaSb, GaAs. 


The diffusion of phosphorous from the vapor phase into 
single crystal silicon has been studied. 


Determination of how the instantaneous value of the 
switching current in single crystals of BaTiOs depends 
on the applied field, the state of net polarization of the 
crystal, etc. 


Study made on 14-Mev neutron-irradiated germanium, 
using lifetime, hall, and resistivity measurements to de- 
termine the nature of defects and damage. 


The kinetics of the reaction of silicon with solutions of 
hydrofluoric acid, nitric acid, and acetic acid are reported 
as a function of the composition of the etchant. 


Silicon tetraiodide is formed from commercial silicon and 
iodine in a fluid-bed reactor. 


Dissolution kinetics in electrolytes and the role of spe- 
cific adsorption. 


Oxide from the aluminum has been eliminated by a 
vacuum heat treating technique which also removes 
volatile impurities. 


An electroluminescent panel has its back electrode shaped 
as an array of lines from which combinations of the 
digits are formed. 


A method of operating transistors in a self-oscillating 
three-phase circuit is described. 


Design of single-ended, grounded emitter LC oscillators 
working at frequencies up to f,/10. Output power at the 
higher frequencies is limited to about 100 mw. 


Two car-radio output stages are described, one for an 
OC26 driven by a valve, and the other for an OC26 
driven by a transistor (OC71). 


The photoelectric work function of evaporated indium films 
prepared in ultrahigh vacuum is found to be 4.08 +.01 eV. 


Measurements of the absorption of p-type semiconducting 
diamonds have been made in the range 450°K to 600°K, 
and over the wavelength range between 6m to 45yu. 


Photoconductive decay in nearly perfect tellurium ecrys- 
tals shows a lifetime of up to 50 microseconds at 300°K. 


The properties of the LH-field are investigated theo- 
retically and experimentally for a system consisting of 
n-type germanium. 


Field effect and conductivity measurements were made 


on cleaned (111) and (100) germanium surfaces. Cleaned- 
surface data are presented. 


A simple model is proposed for the “resonant scattering” 
of electrons from foreign particles in a crystal lattice. 


It is shown that at least two of the three known peaks are 
strongly dependent on the oxygen content of the material. 


The optical absorption constants of tellurium and selenium 
doped n-type AlSb have been determined in the spectral 
region 0.7-38 microns at 300° and 78°K. 


Operation is based upon a _ differential balance under 
normal conditions, between the out f 
device and a rectifier unit. Pa rae anda pire os! 


A new method for measurement ifeti 
C 1 1 of the lifetime of excess 
carriers In semiconductors is described. 
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AUTHORS 


: TITLE CONDENSED SUMMARY 


Noise Considerations of the Vari- 
me Capacitance Paramitric Am- 
lifier 


Boies 1 Properties of Poly- 
stalline Lead Titanate Zirco- 
aate Compositions 


Semiconductor Diode Switching 
Characteristics 


Comparative Performance of Sat- 
urating and Current - Clamped 
High Frequency Pulse Circuits 


A New Technique for Computer 
Switching 


Measurement of Switching Tran- 
sistor Parameters 


On the Nature of Relaxation in 
the Field Effect 


Some Results on the Diffusion of 
Impurities and their Effect on the 
Electrical Properties of Gallium 
Antimonide 


Electrical Conductivity of Certain 
Titanium and Vanadium Oxides 


Mass-Spectrometric Determination 
of the Amount and Composition 
of Gases Absorbed on the Sur- 
face of Ge and Si Monocrystals 


The Theory of Optical Properties 
of Electron Semiconductors in 
eo rared Region of the Spec- 


erapen of the Equivalent Ob- 
bital Method to the Study of 
Band Structure in A!BY com- 
pounds 


On the Frequency Dependence 
of the Field Effect in Semicon- 
ductors, II. 


Thermo-EMF of Cuprous Oxide 
at High Temperature (1000° to 
1250°). IV 


Concerning Methods of Measur- 
ing the Nernst Effect 


Conductance and the Voltage 
Transmission Coefficient of a 
Semiconductor Diode in the 


Transient State. 


Variation of the Work Function 
of an Electron from a Metal Un- 
der the Influence of an Ab- 
sorbed Layer of Molecules of 
Barium Oxide 


A Study of the Conductivity and 
the Hall Effect in Solid Solutions 
of the AlSb-GaSb System 


Electrical Properties of Selenium 
with Gold Impurity 


Diffusion of Certain Impurities in 
BizSes and ZnSb 


The Photoelectric Effect in Poly- 
methylmethacrylate Polybutylme- 
thacrylate and Polyvinylacetate 


A study of Selenium Rectifiers 
under Pulse Conditions 


An Experimental Investigation of 
a Thermoelectric Evaporation Ap- 
paratus 


Preparation of a Photovoltaic Cell 
from InSb with an Alloyed n-p 
Junction 


The Reflection Coefficient of Anti- 
reflection Coated Surfaces of Sili- 
con Photocells 


PUBLICATION 
Proc IRE 

Feb 1960 

Proc IRE 

Feb 1960 
Semiconductor Prdcts 
Feb 1960 
Semiconductor Prdcts 
Feb 1960 
Semiconductor Prdcts 
Feb 1960 
Semiconductor Prdcts 
Feb 1960 

Sov Phys Sol State 
Jan 1960 

Sov Phys Sol State 
Jan 1960 

Sov Phys Sol State 
Jan 1960 

Sov Phys Sol State 
Jan 1960 

Sov Phys Sol State 
Jan 1960 

Sov Phys Sol State 
Jan 1960 

Sov Phys Sol State 
Jan 1960 

Sov Phys Sol State 
Jan 1960 

Sov Phys Sol State 
Jan 1960 

Sov Phys Sol State 
Jan 1960 

Sov Phys Sol State 
Jan 1960 

Sov Phys Sol State 
Feb 1960 

Sov Phys Sol State 
Feb 1960 

Sov Phys Sol State 
Feb 1960 

Sov Phys Sol State 
Feb 1960 

Sov Phys Sol State 
Feb 1960 

Sov Phys Sol State 
Feb 1960 

Sov Phys Sol State 
Feb 1960 

Sov Phys Sol State 
Feb 1960 


Model of the variable capacitance diode in which the 


spreading resistance is considered as the source of ampli- 
fier noise. 


Detailed data are given for the piezoelectric, elastic, and 
dielectric properties, near the rhombohedral-tetragonal 
phase boundary. 


The switching characteristics of a semiconductor diode 
are shown to depend upon properties intrinsic to the 
diode, as well as upon external circuit conditions. 


Flip-flops are compared with regard to stability, loading 
capability, pulse repetition frequency, trigger energy re- 
quirement, and pulse propagation time. 


Circuitry technique for conditions of small physical size, 
medium frequency range (500 kc), operation over a wide 
temperature range (up to 80°C), low cost, and high 
reliability. 


Test sets combined speed in loading with accuracy in 
both the d-e and high frequency testing. 


It is shown that relaxation processes depend on the 
absorbtion of ions from the surrounding space, these ions 
ee as a result of emission under the action of the 
eld. 


Report on experimental data in studies of the effect of 
In, Sb, Se, and Te on the electrical properties of GaSb. 


Studies were aimed at finding whether the dependence 
of electrical conductivity of t the system TiO1.00—TiO1.s0 
on its composition agrees with the hypothesis of sub- 
microscopically inhomogeneous structure of variable com- 
position oxides. 


The effect of etching on the absorbtion of gasses was 
investigated. It was found that the mass-spectrometic 
technique can be used to determine detailed studies of 
the absorption properties of semiconductor surface. 


The interaction between the electromagnetic waves of 
the infrared region of the spectrum and the conduction 
bs eg on an electron semiconductor has been investi- 
gated. 


Analytical expression are obtained representing the de- 
pendence of the energy on the wave vector of the 4- 


valance bands and the 4-conduction bands in All BY 
compounds correct to coefficient. 
Dependence of the field effect on frequency is dis- 


cussed for the case when current carriers of both signs 
paket aie ae in the bulk of the semiconductor and on its 
surface. 


This property is investigated for the first time as a 
function of changes in the oxygen pressure of the sur- 
rounding medium over a wide pressure interval. 


Measurement on a series of samples of p-type Ge showed 
that the experimentally observed change of 1/Ho with 
temperature depends on the nature of the contact be- 
tween Ge and the measuring electrode. 


The frequency, phase, and transient characteristics of 
a circuit with a p-n junction, and the series ohmic re- 
sistance were calculated for the case where diffusion 
capacity plays a predominant role. 


pein et pe conducted were: the temperature depend- 
ence of the work functions, the effect of the nature of 
the metallic case layer, the characteristic of the composite 
monomolecular layers on the metal, etc. 


Preparation of AISb-GaSb solutions and study of elec- 
trical conductivity and Hall effects as a function of com- 
position and temperature. 


Discussion of diffusion properties and of the electrical 
properties of the product such as conductivity and ther- 
moelectric power. 


Results of determination of the diffusion coefficient of 
iron and cadmium on BizSes and ZnSb. 


A study of the kinetics of internal rotation using photo- 
elasticity. 


Causes, thermal or electrical, of increase of the con- 
ductivity of selenium rectifiers in the reverse direction. 
Behavior at high reverse voltage. 


Description of construction and application of an appa- 
ratus in which a semiconducting battery could be used 
as a heat pump. 


Discussion of the preparation of this cell and the results 
obtained. 


The reflection coefficient may be lowered by a factor of 
3-4 by producing on its surface a durable layer of SiOz. 
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TITLE 


PUBLICATION 


CONDENSED SUMMARY 


The Current Voltage Characteris- 
tic of an n-p Junction with Due 
Regard to the Generation and 
Recombination of Carriers in the 
Space Charge Layer 


Impurity Band Theory 


The Theory of Electron Plasma 
in Semiconductors 


The Statistical Theory of Kinetic 
Phenomena II 


Elimination of Edge Effect During 
the Measurement of the Photo- 
magnetic EMF in Semiconductors 


On the possibility of Detection of 
Excitons in Germanium and Sili- 
con 


Semiconductors & Physical Elec- 
tronics 


Microelectronics: An Introduction 
and a Status Report 


Transistor Oscillators of Extended 
Frequency Range. Quart. Rept. 
No. 1, 30 Sept. 53 


Transistor Oscillators of Extended 
nae. Range. Quart. Rept. 
Oo. °2 


Transistor Oscillators of Extended 
Recaueney Range. Quart. Rept. 
O. 


Transistor Oscillators of Extended 
ee. Range. Quart. Rept. 
Oo. 


Transistor Oscillators of Extended 
Rcauency Range. Quart. Rept. 
0. 


Transistor Oscillators of Extended 
qreseney Range. Quart. Rept. 
Oo. 


Transistor Oscillators of Extended 
ea asney. Range. Quart. Rept. 
oO. 


Eapeisterized Modification, AN/ 


Transistorized Matched Filter for 
Pulsed Sinusoids 


Power Transistor Circuitry 


Industrial Preparedness Study on 
Diffused Semiconductor Devices 


Research and Experimental Work 
on Microwave Transistors 


A Study of Transistor Linear Time 
Delay Circuits 


Transistorized Video Amplifiers 


NS1A-ARDC Conference on Mo- 
lecular Electronics. Nov. 13-14, 
1958, Wash., D. C. 


Research Directed Toward the 
Investigation of Silicon & Silicon 
Carbide 


Research on Solid State Diffusion 
in Semiconductor Materials 


Development of the Periodic 
Shock Wave Technique and _ its 
Application to the Preparation of 
Semiconductor Silicone Carbide 


D4 


Sov Phys Sol State 
Feb 1960 


Sov Phys Sol State 
Feb 1960 


Sov Phys Sol State 
Feb 1960 


Sov Phys Sol State 
Feb 1960 


Sov Phys Sol State 
Feb 1960 


Sov Phys Sol State 
Feb 1960 


US Govt Res Repts 
Jan 15 1960 
LC $3.30 PB138623 


US Govt Res Repts 
Jan 15 1960 
LC $3.30 PB143566 


US Govt Res Repts 
Jan 15 1960 
LC $6.30 PB138196 


US Govt Res Repts 
Jan 15 1960 
LC $7.80 PB138197 


US Govt Res Repts 
Jan 15 1960 
LC $3.30 PB138198 


US Govt Res Repts 
Jan 15 1960 
LC $6.30 PB138199 


US Govt Res Repts 
Jan 15 1960 
LC $9.30 PB138200 


US Govt Res Repts 
Jan 15 1960 
LC $6.30 PB138201 


US Govt Res Repts 
Jan 15 1960 
LC $7.80 PB138202 


US Govt Res Repts 
Jan 15 1960 
LC $15.30 PB143514 


US Govt Res Repts 
Jan 15 1960 
LC $4.80 PB138607 


US Govt Res Repts 
Jan 15 1960 
LC $6.30 PB134304 


US Govt Res Repts 
Jan 15 1960 
LC $7.80 PB128771 


US Govt Res Repts 
Jan 15 1960 
LC $4.80 PB139065 


US Govt Res Repts 
Jan 15 1960 
LC $10.80 PB143526 


US Govt Res Repts 
Jan 1960 
LC $31.80 PB143495 


US Govt Res Repts 
Jan 15 1960 
LC $16.80 PB143131 


US Govt Res Repts 
Jan 15 1960 
LC $3.80 PB143632 


US Govt Res Repts 
Jan 15 1960 
LC $9.30 PB137815 


US Govt Res Repts 
Jan 15 1960 
LC $10.80 PB138704 


ltage characteristic is rigorously calculated 
Fee ee cieonaition of d/L=1. The results are compared 
with those of Sah, Noyce, and Shockley. 


i rk deals with impurity states in a doped homo- 
lat? cemioonauietoe in which germanium doped with III 


or V elements is typical. 


An approximation method is used in which the eaks of 
the mae and polarization operators are expan ed ina 
constant ratio power series. 


Formulas obtained are used to investigate the thermal 
conductivity and thermal emf in semiconductors. 


Formulas of the one-dimensional theory are valid for any 
width of the illuminated zone for the conditions stipulated. 


Careful studies of the absorption edge in germanium 
published recently seem to indicate that indirect transi- 
tions to exciton levels are possible. 


Abstracts on papers published elsewhere by the authors 
on preparation of large InSb and InAs crystals, etc. 


Discussion of techniques developed for constructing mod- 
ules by incorporating an uncased transistor directly into 
a printed ceramic plate . 


Some basic factors that determine the frequency stability 
of series-mode oscillators are reviewed. 


The relationship between amplitude stability and distor- 
tion is considered; it is shown that distortion is necessary 
to amplitude stability. 


Experiments for finding out whether Groszkowski’s equa- 
tion gives sufficient accuracy to be useful in computing 
the frequency pulling due to distortion. 


An analytical treatment of two-terminal oscillators is 
begun in this report. 


Curves relating pulling factor and the resistance ratio 
have been computed for more general types of negative 
resistance characteristics. 


A laboratory-constructed temperature test chamber is de- 
scribed, and some data on temperature stability presented. 


Data are given on a novel method of stabilization of 
junction transistor oscillators using distortion control. 


The feasibility of replacing certain-vacuum tube circuits in 
the AN/PRC-14 with transistor circuits has been proven. 


A matched filter for pulsed sinusoidal symbols has been 
designed and constructed in which transistors are used 
as the active element. 


Determination of transistor output curves by a pulsing 
method revealed that the thermal irregularities found in 
previously determined curves were reduced by the puls- 
ing method of testing. 


Diffused base, jet-plated transistors were developed for 
meeting the requirements for a 12.5 mc amplifier, and a 
6 me video amplifier. 


A theoretical analysis of both high- and low-frequency 
operation has been initiated to determine the feasibility 
of a depletion layer transistor as a h-f device. 


Study of an emitter-coupled monostable multivibrator, 
the duration of whose output pulse can be controlled 
linearly by a potentiometer at the input. 


Basic low pass amplifier theory, theoretical equivalent 
circuits, measurement of transistor parameters, single stage 
and multistage amplifiers, and large signal operation. 


Masers, parametric effects, nonlinear capacitance ampli- 
fiers, thermoelectric effects, solid state electronics, etc. 


Investigation of the properties of SiC surfaces following 
chemical treatments. 


High purity p-type pulled ingots as well as floating zone 
silicon were used in the studies. 


Literature search, development of periodic shock tech- 
nique, synthesis of silicon carbide. 
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CHARACTERISTICS CHARTS OF NEW DIODES and RECTIFIERS 


MANUFACTURERS 

AEG— Allgemeine Elekticitats-Gesellschaft MUL— Mullard, Ltd. 
“AEI— Associated Electrical Industries, Ltd. NAE— North American Electronics 
AMP— Atipares Electronic Corp. NPC— Nucleonic Products Co., Inc. 

UD— Audio Devices, Inc. OHM— Ohmite Manufacturing Co. 
BEN— Bendix Aviation Corp. PHI— Philco Corp. Lansdale Tube Company 
BER— Berkshire Labs PHIN— Philips Gloeilampenfabrieken, Eindhoven, Netherlands 
BOG— Bogue Electric Mfg. Co. PLEB— The Plessey Co. 
BOM— Bomac Labs PSI— Pacific Semiconductors, Inc. 
BRA— Bradley Labs Qsc— Internationa! Diode Corp. J 
CBS— CBS Electronics RADF— La Radiotechnique, Div. Tubes Electroniques 
cDCc— Continental Device Corp. RAY— Raytheon Company 
CcoL— Columbus Electronics Corp. RCA— Radio Corporation of America, Semiconductor Div. 
CTP— Clevite Transistor Products, Inc. RHE— Rheem Semiconductor Corp. 
CSF— Compagnie Generale de T.S.F. ROSG— Dr. Ing. Rudolph Rost 
DAL— Dallons Semiconductor SAR— Sarkes Tarzian, Inc., Rectifier Division 
DEL— Delco Radio SCN— Semicon, Inc. 
EEVB— English Electric Valve Co., Ltd. SEM— Semi-Elements Inc. 
ERI— Erie Resistor Corp. SIE— Siemens & Halske Aktiengesellschaft 
FAN— Fansteel Metallurgical Corp. SIL— Silicon Transistor Corp. 
FERB— Ferranti Ltd. SOIF— Societe Industrial de Liaisons, Paris 8e, France 
GAH— Gahagan, Inc. _ SONY— Sony Corp. 
GECB— General Electric Co., Ltd. ssD— Sperry Semiconductor Division 
GE— General Electric Company, Semiconductor Div. SSP— Solid State Products, Ine. 
GELC— Canadian General Electric Co. STC— Shockley Transistor Corp. 
GICc— General Instrument Corp. STCB— Standard Telephone & Cables, Ltd. 
GTC— General Transistor et SYL— Sylvania Electric Products, Inc. 
HAFO— Institutet for Halvedarforskning SYN— Syntron Co. 
HSD— Hoffman Semiconductor Division TEX— Texas Research Assoc. 
HITJ— Hitachi Ltd., Mushashi Works TFKG— Telefunken, Ltd. 
HUG— Hughes Products Division TI— Texas Instruments, Inc. 

International Rectifier Co., Ltd. TKD— Tekade, Nurnberg, Germany 

INRC— International Rectifier Corp. TOK— Tokyo Tsushin Kogyo, Ltd. 
IRC— International Resistance Co. TRA— Transitron Electronic Corp. 
ITT— International Tel. & Tel. Corp. TUN— Tung-Sol Electric, Inc. 
KEM— Kemtron Electron Products CF TSC— Trans-Sil Corp. 
LCTF— Laboratoire Central de Telecommunications UCcI— United Components 
MAL— P. R. Mallory & Co., Inc. USD— United States Dynamics Corp. 
MATJ— Matushita Electronics Corp., Takatsuki, Osaka, Japan USS— U. S. Semiconductor Products, Inc. 
MIC— Microwave Associates, Inc. viIc— Vickers Inc. 
MIFI— Microfarad WEC— Western Electric Co. 
MOT— Motorola, Inc. WEST— Westinghouse Electric Corp. 


NEW DIODES and RECTIFIERS 


cone Min. Forward MAX. D.C. max. (Max. Rev. Current 


: Current ouTPpuUT @. "| FULL 
: MER. 
MAT| Piv | WORKT @ 25°C [currents ‘Cl toapy 'b@F,@T [ase 


VOLT. 
I, @E, DROP‘ 


(volts) | (volts) (volts) (volts) (uA) (volts) (°C) 


at start 
of charts 


1CK04 2 Si 700 1000 1.2 075 150d 1 Wesel 200 700 15C€ TOST 
1N379 1 Si 8.2 35 1.0 5.0 8.2 100A GIC 
1N380 1 Si 10 30 1.0 5.0 10 100A GIC 
1N381 a Si 12 23 1.0 5.0 12 100A GIC 
1N382 rf si 15 17 1.0 5.0 15 100A GIC 
1N383 1 Si 18 12 1.0 10 18 100A GIC 
1N384 1 Si 22 9.0 1.0 10 22 100A GIc 
1N385 L Si 27 7.0 1.0 10 27 100A GIc 
1N386 1 si 33 5.5 1.0 10 33 100A GIC 
1N387 1 Si 39 4.5 1.0 10 39 100A GIC 
1N388 1 si AT 3.5 1.0 10 47 100A GIC 
1N389 1 si 56 2.7 1.0 50 56 100A GIC 
1N390 1 Si 68 2.0 1.0 50 68 100A GIC 
1N391 1 Si 82 1.5 1.0 50 82 100A GIC 
1N392 f Si 100 1.2 1.0 50 100 100A GIC 
1N393 1 Si 120 90 1.0 50 120 100A GIc 
1N394 5 Si 150 1.0 1.0 100 150 100A GIC 
1N435 1 Ge 3.0 -075 15 GIC 
1N890 A: Si 60 20 1.0 «025 60 25 GIC 
1N1575 2 Si 100 1.0 125C 1.2 500 100 125C GIC 
1N1576 2 Si 200 1.0 125C 1.2 500 200 125C GIC 
1N1577 2 Si 300 1.0 125C 1.2 500 300 125C GIC 
1N1578 2 Si 400 1.0 125C 1.2 500 400 125C GIC 
1N1644 2 Si 50 75 50A 1.0 400 35 150A GIC 
1N1645 2 Si 100 75 50A 1.0 400 70 150A GIC 
1N1646 2 si 150 75 50A 1.0 300 105 150A GIC 
1N1647 2 Si 200 75 50A 1.0 300 140 150A GIC 
-1N1648 2 Si 250 75 50A 1.0 300 175 150A GIC 
1N1649 2 Si 300 75 50A 1.0 300 210 150A GIC 
1N1650 2 si 350 75 50A 1.0 300 245 150A GIC 
1N1651 2 Si 400 Pie’ G3) 50A 1.0 300 280 150A GIC 
1N1652 2 Si 500 tio 50A 1.0 300 350 150A GIC 
1N1653 2 Si 600 75 50A 230 300 420 150A GIC 
1N1696 2 Si 500 - 60 50A - 60 500 500 100A GIC 
1N1697 2 Si 600 60 50A «60 500 600 100A GIC 
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DIODES and RECTIFIERS 


MAX. Min. Forward | max. b.c. max. | Max. Rey. Current 


CONT. urrent OUTPUT @ | FULL 
Monee @ 25°C |current? “C/}toanf 'b@Fn@T pies 


at start 
of charts 


VOLT. VOLT. 
1, @E, DROPS 


(volts) (mA) (volts) (volts) (uA) (volts) {*G) 


eee 


IN2772 if: Si 700 -50 150C Leo 100 700 150 BRA 
1N2,773 af See 800 50 150C Ate} 100 800 150 BRA 
1N2774 L Sel, 900 SeXy) 150C 1.8 100 900 150 BRA 
IN2775 af ‘Sal 1000 -50 150C 1.8 100 1000 150 BRA ' 
1N2776 al Si 1100 750 150C Alcs} LOOA LL00) S150 BRA 
IN2777 1 Shi 1200 250 150C piers 100-1200 150 BRA 
1N2778 1 Si 1300 200 150C a ests 100 1300 150 BRA 
1N2779 1 Si 1400 «00: 150C 12.8 100 1400 150 BRA 
1N2780 1 Shi 1500 ~50 150C 1.8 100 1500 150 BRA 
1N2781 al Si 1600 250 150C 1.8 100 1600 150 BRA 
1N2784 2 Sah 200 13 25A -50 5000 200 150C SYN 
1N2785 2 ‘Spl 400 13 25A 50 5000 400 150C SYN 
1N2788 Z Si 200 30 25A 250 5000 200 150C SYN 
1N2789 2 Spe 400 30 25A 250 5000 400 150C SYN 
1N2847 2 ou 100 -50 150C 400 LOO GLS OC GE 
1N2848 2 Si 200 -50 150C 300 200 150C GE 
1N2849 2, Si 300 AK) 150C 300 300 150C GE 
1N2850 2 si 400 -50 150C 300 400 150C GE 
1N2851 Z ‘Spl 500 p/sI0) 120¢C 300 500. 120C GE 
1N2852 2 Stile 600 -50 120C 300 600 120C GE 
1N2858 1 si 50 50 LS T5A 1b 400 50 100 RCA 
1N2859 ab ‘Spt 100 100 AHS T5A Dreic 400 100 100 RCA 
1N2860 1 si 200 200 eal T5A gency 400 200 100 RCA 
IN2861 1 Si, 300 300 = (53 75A 1.2 300 300 100 RCA 
1N2862 af, Si 400 400 ato 7T5A Wises 300 400 100 RCA 
1N2863 af ‘Spe 500 500 SHULD TDA 1.2 300 500 100 RCA 
1N2864 al Si 600 600 Bel 7T5A fees 300 600 100 RCA 
1IN2878 1 si 700 700 250 2.0 sap 25A -50 700 25 eis 
1IN2879 1 Si 700 700 250 2.0 20 25A a0 700 25 AUae 
1N2880 1 si 1000 1000 250 26:0 A Pals 25A 220°: 1010/0 25 TE 
IN2881 £ si 1000 1000 250 2.0 res) 25A -50 1000 25 ET 
1N2882 at Si 1050 1050 250 3.0 225 25A D0 - 21050 25 TE 
1N2883 1: si 1050. -1050 250 3.0 25 25A «50. 1050 25 SUS 
1N2884 al Si 1400 1400 250 4.0 -25 25A -50 1400 25 TT 
IN2885 af SL 1400 1400 250 4.0 aad 25A 50 1400 25 ALE 
1N2886 1 Si 1500 1500 250 3.0 Aras 25A -50 1500 25 IED 
1IN2887 af Si 1500 1500 250 3.0 e200 25A ~n0, 1500 25 Ea 
1IN2888 1 si 1750 1750 250 5.0 225 25A sO Or ets 0 25 TEES 
1N2889 zis si 1750 £750 250 5.0 220 25A eS OOn ee eee. 25 TL 
1N2890 f! si 2000 2000 250 4.0 225 25A -50 2000 25 RAE. 
IN2891 ab si 2000 2000 250 4.0 azo 25A -50 2000 25 TE 
1N2892 1 Si 2100 2100 250 6.0 AAR 25A 00) 21-00 25 y E 
1N2893 1 si 2100 2100 250 6.0 AAs) 25A -50 2100 25 Uke 
1N2894 1 si 2450 2450 250 7.0 Be 25A 250.. 2450 25 Pils 
1N2895 a si 2450 2450 250 elO APA 25A -50 2450 25 Se 
1N2896 al Si 2500 2500 250 Bio) aes 25A 700° 2500 25 TL 
1N2897 1 Shi. 2500 2500 250 5.0 C255) 25A -50 2500 25 ais 
1N2898 iP Sule 2800 2800 250 8.0 Py) 25A -50 2800 25 SE 
1N2899 1 Si 2800 2800 250 8.0 25 25A -50 2800 25 LER 
1N2900 1 Si 3000 3000 250 6.0 APR 25A -50 3000 25 ARIE 
1N2901 if Si 3000 3000 250 6.0 548) 25A 50 3000 25 BE 
1N2902 as Si 3150 3150 250 9.0 2-25 25A O00: Hal5O 25 aT 
1N2903 1 Si 3150 3150 250 91510 Apa 25A SDOS TS 5.0 25 TL 
1N2904 a Si 3500 3500 250 7.0 re) 25A -50 3500 25 a: 
1N2905 iL Si 3500 3500 250 Tro) AAS) 25A 200. 3500 25 SAME 
NOTATIONS : 
ANA Hash dn es Other Following oa ersperatalre reading Manufacturers shoul 
ae ese symbols a be contacted for val 
4. For half wave resistive —E YY iti 
Under U e and test condit 
naan = load average over 1 cycle outs aoa tl te surge current an 
1. General P $ — Case maximum peak recur- 
oa Power Rectifier Under Reverse Current ee Junction rentecurrent | 
3. Magnetic Amplifier D ; Tag DAOLOQe: 7 
4) Insulated Base A i skid A—Inlet Temperature of Coolant 
5. Controlled Rectifier Boner Mie Type No. Under E 
im Bo Tabe Replacenient 6, pisilatle in stack form + —Revised D - 0 
rom that f — Revise ata a 
7. Controlled Forward Conductance pepe eke va at 125 C 
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DIODES and RECTIFIERS 


I,.@E, @T 


Forward | ax. p.c. 


Current ouTPUT @ J 
CURRENT! = (°C) 


MAX. 
FULL 
LOAD 
VOLT. 
DROP‘ 


(volts) 


MAT | PIV 


(volts) 


(volts) (amps) (volts) (PC) 


 1N2906 ul Si 3500 3500 250 10 220 25A -50 3500 25 AE 
1N2907 1 Si 3500 3500 250 10 225 25A ~50 3500 25 TE 
1N2908 1 Si 3850 3850 250 11 2 25 25A «50 $3850 25 nea 
1N2909 s) Si 3850 3850 250 IM +25 25A -50 3850 25 Ail 
1N2910 1 Si 4000 4000 250 8.0 225 25A -50 4000 25 Algti 
1N2911 a Si 4000 4000 250 8.0 25 25A -50 4000 25 TI 
1N2912 1 Si 4200 4200 250 12 20 25A -50 4200 25 AuSe 
_1N2913 1 Si 4200 4200 250 12 025 25A -50 4200 25 To 
1N2914 1 Si 4500 4500 250 9.0 225 25A -50 4500 25 ALND 
1N2915 1 Si 4500 4500 250 9.0 225 25A -50 4500 25 TI 
1N2916 EF Si 4550 4550 250 13 225 25A -50 4550 25 g isa 
1N2917 1 Si 4550 4550 250 13 «25 25A -50 4550 25 eB 
1N2918 bY Si 5000 5000 250 10 225 25A -50 5000 25 TT: 
1N2919 1 Si 5000 5000 250 10 mya 25A -50 5000 25 TT 
1N29 20 a si 5500 5500 250 BEE 225 25A -50 5500 25 ee 
faN2921 1 Si 5500 5500 250 ni 225 25A -50 5500 25 pide 
1N2922 1 Si 6000 6000 250 12 oy As) 25A -50 6000 25 bea 
1N2923 1 Si 6000 6000 250 12 pred 25A -50 6000 25 07. 
1N29 24 1 Si 6500 6500 250 13 25 25A -50 6500 25 TL 
1N29 25 uf Si 6500 6500 250 13 225 25A »-50 6500 25 ph 
1832 i Ge 75 60 4.0 1.0 40 50 25 TOSJ 
1833 1 Ge 120 100 4.0 pO) 350 100 25 TOSS 
1834 1 Ge 75 60 4.0 130 350 50 25 TOSS 
1S71 1 si 175 150 8.0 1.0 3.0 150 25 TOST 
1872 1 Si 130 110 8.0 1.0 3.0 i10 25 TOSS 
1S81 1 Si 230 200 8.0 1.0 3.0 200 25 TOSJ 
1882 1 Ge 40 30 100 1.0 350 30 25 TOST 
1WM1 1 si 100 he As 50A -50 1500 100° 9 125C WESF 
1WM2 1 Si 200 275 50A -50 1500 200 125C WESF 
1WM3 sf Si 300 as 50A -50 1500 300 125C WESF 
1WM4 1 Si 400 pe Oe 50A -50 1500 400 125C WESF 
1WM6 1 si 600 015 50A -50 1500 600 125C WESF 
1WM8 x Si 800 ; ne 50A -50 1500 800 125C WESF 
1WM10 rf Si 1000 275 50A -50 1500 1000 125¢C WESF 
2CK18 2 Si 700 1000 £62 3.0 1507 x heey 200 700 150 TOSJ 
2F4 2 Si 400 260 -20 85A -50 SAR 
2WM1 2 si 100 12 135C -70 10ma 100 150C WESF 
2WM2 2 Si 200 12 135C ~ 10 10ma 200 150C WESF 
2WM3 2 Si 300 12 135C Pit (5) 10ma 300 150C WESF 
2WM4 2 SL 400 12 135C - 70 10ma 400 150C WESF 
2WM6 2 Si 600 12 135C Pi (8) 10ma 600 150C WESF 
2WM8 2 Si 800 12 135C -70 10ma 800 150C WESF 
2WM10 2 Si 1000 12 135C -70 10ma 1000 150C WESF 
3CK12 2 Si 700 10000 1.2 10 1507 1.2 2000 700° 260 TOS 
3WML 2 Si 100 23 115C - 80 10ma 100 125¢ WESF 
3WM2 2 si 200 23 115C -80 10ma 200 125C WESF 
3WM3 2 Si 300 23 115C -80 10ma 300 125C WESF 
3WM4 2 Si 400 23 115C - 80 10ma 400 125C WESF 
3WM6 2 si 600 23 115C ~80 10ma 600 125C WESF 
3WM8 2 Si 800 23 115C -80 10ma 800 125C WESF 
3WM10 2 Si 1000 23 115C -80 10ma 1000 125C WESF 
5J3N 2 si 50 35 12 100A «50 5000 50 25A SAR 
5J3P 2 Si 50 35 12 100A -50 5000 50 25A SAR 
6CK14R 2 Si 700 130A 1.2 130 1507 Lie 35ma 700 150 TOSJ 
6WM1 2 SL 100 42 125C «60 20ma 100 125C WESY 
6WM2 2 Si 200 A2 125C . 60 20ma 200 125C WESY 
6WM3 2 Si 300 A2 125C - 60 20ma 300 125C WESY 
6WM4 2 Si 400 42 125C - 60 20ma 400 125C WESY 
6WM6 2 Si 600 A2 125C - 60 20ma 600 125C WESY 
6WM8 2 Si 800 42 125C - 60 20ma 800 125C WESY 
6WM10 2 SL 1000 42 125C . 60 20ma 1000 125C WESY 
8CK15 2 Si 700 400A 1.2 400 1507 1.2 200ma 700 150 TOSJ 
QWM1L Doe OM, 100 55 25A <70> ~30ma 451005 T60G WESF 
9WM2 2 Si 200 55 258 70 30ma 200 150C WESF 
9WM3 2 Si 300 55 25A - 70 30ma 300 150C WESF 
9WM4 2 Si 400 55 25A YAU 30ma 400 150C WESF 
9WM6 2 Si 600 55 25A - 70 30ma 600 150C WESF 
9WM8 2 Si 800 55 25A - 70 30ma 800 150C WESF 
9WM10 2 SL 1000 55 25A .70 30ma. 1000 150C WESF 
10J3N ) Si 100 70 12 100A -50 5000 100 25A SAR 
1073P 2 Si 100 70 12 100A 50 5000 100 25A SAR 
20J3N 2 Si 200 140 12 100A Revit) 5000 200 25A SAR 
20J3P 7) Si 200 140 12 100A 50 5000 200 25A SAR 
30J3N 2 Si 300 210 12 100A 50 2500 300 25A SAR 
38073P 2 Si 300 210 12 100A 50 2500 300 25A SAR 
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i 


DIODES and RECTIFIERS 


MAX. | Min. Forward | max. p.c. 


ouTpuT @ © 
CURRENT! 


CONT. 
piv | WORK 


MAT VOLT. 


i, @ Ey 


(volts) 


(volts) | (volts) ff (mA) 


40J3N 2 Si 400 280 
40J3P 2 si 400 280 
2150 2 Si 500 

2160 2 SL 600 

2170 2 Si 700 

2180 2 Shal, 800 

3105 2 Si .50 

3110 2 Si 100 

3115 y Si 150 

3120 2 Si 200 

3130 2 Si 300 

3140 2 Si 400 

3150 2 Si 500 

3160 2, si 600 

3170 2 Shi 700 

3180 2 ‘Sau 800 

3350 2 Si 500 

3360 2 Si 600 

3370 2 ‘Sat 700 

3380 2 Sul 800 

4005 2 si 50 

4010 2 Sil 100 

4015 Z Si: 150 

4020 2 Sa 200 

4025 2 Si 250 

4030 2 She 300 

4035 2 See 350 

4040 2 Si 400 

5105 2 Si 50 

5110 2 Si 100 

5115 2 Si 150 

5120 2 Si 200 

5125 2 ‘Stak 250 

5130 2 Si 300 

5135 2 Si 350 

5140 2 Si 400 

AM005 2 Si 50 
AM010 2 Si 100 
AM015 2 Si 150 
AMO 20 2 Si 200 
AMO 25 2 Si 250 
AM030 2 si 300 
AM035 2 Si 350 
AM040 2 si 400 
AM050 ae St 500 
AM0 60 2 Si 600 
B208 1,2 Ge 30 30 10A 1.0 
BA100 bi Si 60 60 10 090 
BB101 Lt Si 50 

BB102 Desi: 100 

BB103 Lost 200 

BB104 nO ours hae 300 

BB105 IEG ee ashi 400 

BB106 abe ei Spat 500 

BB107 dS 600 
NOTATIONS Other 
=e eer! 

4. For half wave resistive 

Under Use Joad average over 1 cycle 


1. General Purpose 
2. Power Rectifier 
3. Magnetic Amplifier 


4) Insulated Base 


5. Controlled Rectifier 
6. Dual Rectifier 
A Direct Tube Replacement 


7. Controlled Forward Conductance 


Under Reverse Current 
ee FEN 


pra) Dynamic 


Under Mfr. 


6. Available in stack form 
from that manufacturer 


58 


MAX. 
TY} FULL 
(°C) LoaD 
VOLT. 
DROP4 


(volts) 


I,@E, @T 


(uA) (volts) (°C) 


100A .50 2500 400 25A 
100A .50 2500 400 25A 
25A 50 5000 500 150C 
25A .50 5000 600 150C 
25A .50 5000 700 150C 
25A .50 5000 800 150C 
25A .50 5000 50 150C 
25A .50 5000 100. 150C 
25A 50 5000 150 150C 
254 .50 5000 200 150C 
25A 50 5000 300 150C 
25A .50 5000 400 150C 
25A 50 5000 500 150C 
25A .50 5000 600 150C 
25A -50 5000 700 150C 
25A 50 5000 800 150C 
25A .50 5000 500 150C 
25A 50 5000 600 150C 
25A 50 5000 700 150C 
25A .50 5000 800 150C 
25A -50 25ma 50 150C 
25A -50 25ma 100 150C 
258 -50 25ma 150 150C 
25A .50 25ma 200 150C 
25A ABN 25ma 250 150C 
25A .50 25ma 300 150C 
25A -50 25ma 350 150C 
25A -50 25ma 400 150C 
25A 50 10ma 50 150C 
25A 50 10ma 100 150C 
25A 50 10ma 150 150C 
25A ~50 10ma 200 150C 
25A .50 10ma 250 150C 
25A .50 10ma 300 150C 
25A 50 10ma 350 150C 
25A 50 10ma 400 150C 
25A 100 35 100A 
25A 100 70 100A 
25A 100 105 100A 
25A 100 140 100A 
25A 100 175 100A 
25A 100 210 100A 
258 100 245 100A 
25A 100 280 100A 
25A 100 3850 100A 
25A 100 420 100A 
85 5000 30 25 
150C -90 500 50 150 
150C -90 500 100 150 
150C 90 500 200 150 
150C -90 500 300 150 
150C 90 500 400 150 
150C -90 500 500m. 15,0 
150C -90 500 600 150 


Following any temperature reading 


these symbols apply 


A — Ambient 
C — Case 

J — Junction 
S — Storage 


A\—Inlet Temperature of Coolant 


Type No. 


{ —Revised Data 
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MER. 
See code 
at start 
of charts 


Manufacturers should | 
be contacted for val- | 
ue and test condition 
for surge current and 
maximum peak recur- 
rent current 


Under Ep 


Z = at 125% 


DIODES and RECTIFIERS 


MAX. } Min. Forward | max. p 
‘pic. ax. Rev. Current 
CONT-f = Current ouTPUT @ T. 


@. 
MAT | PIV pthc @ 25°C. =|currRenT = (°C) 1,@E,@T sce 
at star 
I, @Ey 


of charts 
(volts) | (volts) Jf (mA) (volts) (amps) (uA) (volts) (°C) 


*BB108 tp SL 700 50 150C 90 500 700 150 BRA 


-BB109 alin pe gh 800 .50 150C .90 500 800 150 BRA 
-BB111 i poe gy 50 -50 150C - 80 100 50 150 BRA 
/BB112 St: 100 -50 150C .80 100 100 150 BRA 
-BB113 Dyess: 200 .50 1500 . 80 100 200 150 BRA 
BB114 phe Fagent 300 .50 150C .80 100 300 150 BRA 
BB115 CFs eSt 400 .50 150C . 80 100 400 150 BRA 
BB116 Lp St 500 .50 150C .80 100 500 150 BRA 
-BB117 ce ese 600 .50 150C . 80 100 600 150 BRA 
~BB118 ol aa oye 700 50 150C -80 100 700 150 BRA 
~BB119 Dae S23. 800 -50 150C .80 100 800 150 BRA 
| BB121 ih cee 50 .50 150C 17-6 1000 50 150 BRA 
BB122 14 “Si 100 -50 150C 1.0 1000 100 150 BRA 
BB123 sd 200 -50 150C TG 1000 200 150 BRA 
BB124 Las ie 300 ~50 150¢C 1.0 1000 300 150 BRA 
BB125 a St 400 .50 150C 1.0 1000 400 150 BRA 
BB126 Wee oki 500 .50 150C 1.0 1000 500 150 BRA 
BB127 aces) Sa 600 .50 150C 1.0 1000 600 150 BRA 
BB128 i he ae sy 700 -50 150C 1.0 1000 700 150 BRA 
BB129 TF Sk 800 -50 150C 1.0 1000 800 150 BRA 
BB1001 HeSE: 900 .50 150C .90 500 900 150 BRA 
BB1002 ly Parse 1000 .50 150C .90 500 1000 150 BRA 
BB1101 ir ge See 900 -50 150C . 80 100 900 150 BRA 
BB1102 iy ae 1000 -50 150C . 80 100 1000 150 BRA 
BB1201 ‘G peg cn 900 .50 1500 1.0 1000 900 150 BRA 
BB1202 port Se: 1000 .50 150C 1.0 1000 1000 150 BRA 
BD101 LPS Sh. 50 .50 150C .90 500 50 150 BRA 
BD102 cle en Sa 100 .50 150C -90 500 100 150 BRA 
BD103 eM SEs 200 -50 150C .90 500 200 150 BRA 
BD104 17 “Si 300 .50 150C -90 500 300 150 BRA 
BD105 tf Si. 400 .50 150C .90 500 400 150 BRA 
BD106 ge a 500 .50 150C -90 500 500 150 BRA 
BD107 cit iiecoy b 600 : -50 150C .90 500 600 . 150 BRA 
BD108 co mech 700 ~50 150C -90 500 700 150 BRA 
BD109 ci ome st b 800 50 150C .90 500 800 150 BRA 
BD111 ope Ss. 50 -50 150C ~80 100 50 150 BRA 
BD112 7 pee set 100 .50 150C .80 100 100 150 BRA 
BD113 ch ee Sb 200 -50 150C .80 100 200 150 BRA 
BD114 i. Si 300 .50 150C .80 100 300 150 BRA 
BD115 cs oa B 400 -50 150C .80 100 400 150 BRA 
BD116 tt? St 500 250 150C 80 100 500 150 BRA 
BD117 ie Se 600 -50 150C -80 100 600 150 BRA 
BD118 oi emcee 700 .50 150C .80 100 700 150 BRA 
BD119 Lf) SA: 800 .50 150C ~80 10.0) 800.4150 BRA 
BD121 17 +St 50 ~50 150C 1,0 1000 50 150 BRA 
BD122 te ametce: f 100 ~50 150C 130 1000 100 150 BRA 
BD123 fF 8: 200 50 150C Leas 1000 200 150 BRA 
BD124 pe rPSe 300 .50 150C 1.0 1000 300 150 BRA 
BD125 hh 2S 400 .50 150C 1.0 1000 400 150 BRA 
BD126 1+ si 500 -50 150C 10 1000 500 150 BRA 
BD127 tr St 600 .50 150C 1.0 1000 600 150 BRA 
BD128 IR ecg 700 -50 150C a0 1000 700 150 BRA 
BD129 pee Si: 800 50 150¢C Ley 1000 800 150 BRA 
BD1001 Tee 2 SH! 900 50 150C .90 500 900 150 BRA 
BD1002 i>. Stas > 1000 50 150C -90 500 1000 150 BRA 
BD1101 aR ced nt 900 50 150C -80 100 900 150 BRA 
BD1102 aye ota -TOC0 -50 150C -80 100 1000 150 BRA 
BD1201 iM deakechie 900 .50 1500 PP 1000 900 150 BRA 
BD1202 tt Si 1000 250 150C 1.0 1000 1000 150 BRA 
BYZ14 ea) 200 200 20 1507 285 2000 200 1253 PHIN 
maOLe | 13253 SL 100 100 275 50 250 100 150 TUN 
BOLO L253 St 200 200 275 50 250 200 150 TUN 
ete iO. 152,53, Si 400 400 015 50 250 400 150 TUN 
EH1OIF ~ 1,2,3 Si 600 600 S15 50 250 600 150 TUN 
BHL0L7, 15253 Sh 50 50 are 50 250 50 150 TUN 
Balogh. -1,2,3° Si 100 100 D.0 150 350 100 150 TUN 
Boo 2D, 91529) St 200 200 1.0 150 350 200 150 TUN 
PHLO2Dy 81, 2,8. Si 400 400 i0 150 350 400 150 TUN 
BALl02F 9 "1,2,3. St 600 600 a50 150 350 600 150 TUN 
Snt027 9 1,2,3 St 50 50 1.0 150 Roe 50 150 TUN 
CHIOSA 1,2,3 SL 100 70 150 Oma 100 150 TUN 
CH109B 1,223 Si 200 70 150 30ma 200 150 TUN 
ROD Cle midis Dis Bu SL. 300 70 150 30ma 300 =150 TUN 
eHL09D: ° 1,2,3 ° Si 400 70 150 30ma 400 150 TUN 
CHLOOE 2 1,253 Si 500 70 150 30ma 500 150 TUN 
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DIODES and RECTIFIERS 


MAX. § Min. Forward | Max. D.C. 7 | MAX. Max. Rey. Current 


CONT.} = Current OUTPUT @ FULL MER. 
(°C) I, @E, @T MER, 
Your. .@ 25°C | CURRENT! Seay | atstart | 


of charts 


4 
1, @E, DROP 


(volts) | (volts) | (mA) (volts) (volts) (volts) (PG) 


GHROO Zee olgigis aon 50 70 a! gos so! ae ay 

CHICAS ds 25:9). SL 100 50 15 ppitehars Hee pe 

GH1I6B  1;2,3 Si 200 50 150 aa ee NaS cunt 

GHILED. 15:23. SE 400 50 150 ee ee eae 

GHALGE 15:2), 3: Si. 600 50 150 m: 

CHUIU6L sets 2,3 SL 50 50 150 ee re nee mi 

CH118A Te, 21S 100 80 150 ma. eae re 

CH118B Te oes 200 80 150 30ma ae ae 

CH118D Te 2ST 400 80 150 30ma. pA ae 

CH118Z apo tSyed 50 80 150 30ma 50 

CR5-021A Biers 25 5.0 25A aa 

CR5-051A Gy he 50 5.0 25A A 

CR5-071A 5} ASah 75 5.0 25A AET 

CR5-101A Be oi 100 5.0 258 eons 

CR5-151A 5. 7 St 150 5.0 25A AEIL 

CR5-201A 5 Si 200 5.0 25A AEI 

CR5-251A 5 Si 250 5.0 25A AETI 

CR5-301A Sie So 300 5.0 25A AETI 

GRLO=027A = 5 «Si 25 10 25A AEL 

GREO=051A - 75" Si 50 10 25A AZT 

CRtO=071Ay <5) 4 St 75 10 25A AEI 

CHItO—101TAs 5x 2 Si 100 10 25A AEI 

CREORIS TAs 5°. St 150 10 25A AEI 

CRLO=201A 8 5 “Si 200 10 25A AEIL 

CR10-251A 5 Si 250 10 25A AEI 

CRLO=SOLAS 35 ¢ Si 300 10 25A AEI 

CSI20A 115'25°3. Si 100 100 25 150 350 100 150 TUN 

OPS AOE ls 25.3!) OL 200 200 25 150 350 200 150 TUN 

CSAPOC wis 2,37) Si 300 300 25 150 350 300 150 TUN 

CSt 20D) 2,3 0iSi 400 400 25 150 350 400 150 TUN 

CSE ie aan OR Se 500 500 25 150 350 500 150 TUN 

SEED ES e Sa be ae oe Sit 600 600 25 150 350 600 150 TUN 

S20 Zena W213) SOAs 50 50 25 150 350 50 150 TUN 

DAOS5 Dp Co kStse 50 18 1907 275 10ma 50 1907 VIC 

DA10 20 SSe 100 18 1907 Bis 1 Oma L00S E190, VIC 

DA15 Deas 150 18 1907 275 10ma = 150 +1907 VIC 

DA20 ieee Sa 200 18 1907 275 10ma 200 1907 VIC 

DA25 hate cSt 250 18 1907 75 10ma 250 1907 VIC 

DA30 CAN SEE 300 18 1907 275 10mas- 300: s«d190d VIC 

DA35 Sale Sisye 350 18 1907 BTS 1oma 350 1900 VIC 

DA40 OA Shh 400 18 1907 a5 10ma 400 1907 VIC 

DA5O DES 500 18 1907 75. Oma + 5 O:0MET OOS VIC 

DA60 Gig tei SEN 600 18 1907 275 10ma 600 1907 VIC 

DR314 1 Ge 80 100 L560 50 50 25 GIC 

DR330 faa Ge 80 SYN) ALAC) 10 10 25 GIC 

EA05 Deets i: 50 50 35 1907 - 60 20ma 50 1907 VIC 

EA10 Dein S 4) 1007 100 35 1907 . 60 20ma 100 1907 VIC 

EA15 Dat 150° ~150 35 1907 . 60 20ma 150 1907 VIC 

EA20 2S: 200 200 35 1907 . 60 20ma 200 1907 VIC 

EA25 Die aad 250) 1250 35 1907 . 60 20ma 250 1907 VIC 

EA30 Io aS 5 300 300 35 1907 -60 20ma 300 1907 VIC 

EA35 ie St: 350 350 35 1907 -60 20ma 350 1900 VIC 

EA40 oS 400 400 35 1907 - 60 20ma =400 1907 vic 

EA50 ese Se 500 500 35 1907 . 60 20ma 500 1907 VIC 

EA60 Qe Sa 600 600 35 1907 . 60 20ma 600 1907 VIC 

NETATIONS Other Following any temperature reading Manufacturers should 
nie these symbols apply be contacted for val- 

ader Use 4. For half wave resistive ; ue and test condition 

Under use load average over 1 cycle ‘A — Ambient for surge current ond 

1. General Purpose Under Reverse Current TE Sanction , eae see | 

3 Met kei Aas 3 = Stoese 

g \ a (ites pai Dynamic ‘L\—Inlet Temperature of Coolant 

nsulated Base 


Under Mfr. 


5. Controlled Rectifier Type No. Under Ep 
6. Dual Rectifier 6. Available j . 
A Direct Tube Replacement ae That rasan eras T —Revised Data Z - at 125° 


7. Controlled Forward Conductance 
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DIODES and RECTIFIERS 


Forward | max. p.c. MAX, | Max. Rev. Current] 


Current FULL 
MAT | PIV CURRENTé LOAD 1,@E,@T ete 


VOLT. at start 
DROP‘ 


(volts) | (mA) (volts) (amps) (volts) (uA) (volts) (°C) 


of charts 


ED2801 AC 30 100 81.0 ERI 
ED2802 cg Were 70 100 » 1.0 ERI 
ED2803 5 A eee 150 100 81.0 ERI 
ED2804 i peek 200 160; 2.0 ERI 
ED2901 ek SA 200 600 1.0 ERI 
"ED2902 - ee 300 600 1.0 ERI 
ED2903 fia Si 400 600 1.0 ERI 
 ED2904 tu> Si 500 600 1.0 ERI 
~@129 e- $i 10 1.0 .56410pcet .25 25 1.0 ofG. 2.0, “25 oT 
G130 Tite SL 6.0 1.0 .64410pct .15 25 1.0 c10s 2.0, 26 cr 
GD11E 1 Ge 20 6.0 ~ 1.0 50 102° 25 SIE 
GD12E 1 Ge 20 Pa Se BA 10 Lin oe SIE 
GD74E /3 Suc Ge 60 2.0) 450 100 10 pute SIE 
GD74E /4 1 Ge 60 2.0 > 1.0 20 | ae 4 SIE 
GDT4E/5 1 Ge 60 WeQup ile O 11 caihys teas SIE 
HR24 Sok. $3, 400 50 70 100 400 25 HITS 
HR25 ae 500 50 70 LD 50.0 2h HITI 
NA0535 Bid SRL 50 100A 1.5 35 150C 5000 50 1500 NAE 
NA603 2. * St 30 6.0 150 1.1 5000 30 150 NAE 
NA605 ae 50 6.0 150 1.1 5000 50 150 NAE 
NA610 Bo Gh 100 6.0 150 1.12" 5000." 100 “156 NAE 
NA615 2. 62. 150 6.0 150 1.1 ©5000. < 386-150 NAE 
NA620 o7*) Se 200 6.0 150 1,1 H000vk 200 -150 NAE 
NA630 S 162 300 6.0 150 1.1 500095 “300 -150 NAE 
NA640 a. oe 400 6.0 150 1.1 5000 400 150 NAE 
NA650 2 6h 500 6.0 150 1.1 50005 500 150 NAE 
NA660 est 600 6.0 150 1.1-* 5000)> 600 > 190 NAE 
NA1035 g4- SE 100 100A 1.5 35 150C 5000 100 150C NAE 
NA1203 ee SCS 30 12 150C 5000 30 150C NAE 
NA1205 B be 50 12 150C 5000 50 150C NAE 
NA1210 2: At. 100 12 150C 5000 100 150C NAE 
NA1215 - iy 150 12 150C 5000 150 150C NAE 
NA1220 2 S81 200 12 150C 5000 200 150C NAE 
NA1230 c= Bt 300 12 150C 5000 300 150C NAE 
NA1240 2. ek 400 12 150C 5000 400 150C NAE 
NA1250 2-81 500 12 150C 5000 500 1500 NAE 
NA1260 ee I 600 12 150C 5000 600 150C NAE 
NA1535 S/R. 150 100A 1.5 35 150C 5000 150 150C NAE 
NA2035 eae St 200 100A 1.5 35 150C 5000 200 150C NAE 
NA2535 ee 250 100A 1.5 35 150C 5000 250 150C NAE 
NA3035 2 OS 300 LOOA+ 1.5 35 150C 5000 300 150C NAE 
NA3535 2 SL 350 LOGA* 1.5 35 150C 5000 350 150C NAE 
NA4035 ~ ae 400 100A 1.5 35 150C 5000 400 150C NAE 
NA5010 2° Sh 500 10 150 1.5 5000. 500 150 NAE 
NA5020 es OSE 500 20 150 1.5: ‘5000K. 500. 150 | NAE 
NA5035 2 Si 500 10Ghy 1.5 35 150C 5000 . 500 150C NAE 
NA6010 2. St 600 : 10 150 1.5 5000 600 150 NAE 
NA6020 27 = Si 600 20 150 1.5 6000.. 600 150 NAE 
NA6035 2-4 St. 600 100A 1.5 35 150C 5000 600 150C NAE 
NCRO25D 5 Se 25 10000 1.25 10A 10ma 25 100 NAE 
NCRO25E 5’ Si 25 16000 .90 16A 10ma 25 125 NAE 
NCRO50D " bee 50 10000 1.25 10A 10ma 50 100 NAE 
NCRO50E 6 8a 50 16000 .90 16A 10ma 60° 125° NAE 
NCR100D a lek 100 10000 1.25 10A 10ma 100 100 NAE 
NCR100E iy gee 100 16000 .90 16A 10ma 100) «125 NAE 
NCR150D a 8 150. 10000 1.25 10A 10ma 150. +100 NAE 
NCR150E Sr BL 150 16000 .90 16A 10ma 150° 125 NAE 
NCR200D ae 200 10000 1.25 10A 10ma 200 100 NAE 
NCR200E : eee 200 16000 .90 ‘16A 10mass« 200-125 NAE 
NCR250D Smet 250 10000 1.25 10A 10ma 250 100 NAE 
NCR250E Berg ba 250 16000 .90 16A 10mas «250 «125 NAE 
NCR300D 6 St 300 10000 1.25 10A 10ma_ 300) =—-100 NAE 
NCR300E "ype 300 16000 .90 16A 10ma_ ss 3300)-—s-125 NAE 
NCR400D 5) + 82 -400 10000 1.25 10A 10ma_ 400 100 NAE 
NCR400E DA Si 400 16000 . .90 16A 1oma = 400) =125 NAE 
NL5 oat. SL 50 50 100A NAE 
NL10 hareagssat 100 50 100A NAE 
NL15 bin (St 150 50 100A NAE 
NL20 oy SA 200 50 100A NAE 
NL25 Site 5 ay 250 50 100A NAE 
NL30 2.) BA 300 50 100A NAE 
NL40 Bes ok 400 50 100A NAE 
NL50 ee eh 500 50 100A NAE 
NL60 Be Si. 600 ; -50 100A NAE 
OA5 Py) tes 100 = 100 £05 25 356 50 25 PHIN,AMP,MUILB 
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DIODES and RECTIFIERS 


Min. Forward | max. p.c. 7 | MAX. Max. Rey. Current 


Current OUTPUT @ ,,)| FULL E. @T MER. 
MAT | PIV @ 25°C |curreNt’ "°)}Ltoanf '»@ Fs ®@ {srsse 
VOLT. of charts 
I, @ Ey DROP‘ 
(volts) (volts) (amps) | (volts) (uA) (volts) — (°C) 
40 85 25d PHIN 
OA31 2 Si 85 85 12 25 - 60 
aun al Ge 15 15 -10 -10 30 1.5 25 PHIN, MULB 
OAT72 af Ge 30 30 10 1.4 50 30 25 PHIN 
OA73 ah Ge 20 20 8.0 1.0 400 20 25 PHIN, MULB . 
OA79 ub Ge 30 30 30 4.0 150 30 25 PHIN , MULB 
OA81 al Ge 90 90 30 3.3 180 75 25 PHIN , MULB 
OA85 ak Ge 90 90 30 206 110 75 25 PHIN, MULB 
OA90 fi Ge 20 20 10 Led 450 20 25 PHIN 
OA91 1 Ge 90 90 60 3.3 180 75 25 PHIN , MULB 
OA95 lL: Ge 90 90 30 2.6 110 75 25 PHIN , MULB 
0A200 1 Si 50 50 30 -90 ye) 50 100 PHIN, AMP 
0A202 1 si 150 150 30 90 SV ALY 150 100 PHIN , AMP 
0A210 2 Si 400 400 -50 T0A 1.0 40 400 125B PHIN 
OA211 2 si 800 800 40 T0A 10 40 800 110B PHIN 
OA214 2 si 700 700 ~50 70A 1.0 70 700 1253 PHIN , AMP 
P8H 2 Sb 800 4.0 100B Lee 3000 800 125B SOIF 
P506 2 Si 50 6.0 125B tear 3000 502 1255 SOIF 
P510 2 Si 50 10 125B Tce 3000 50 2258 SOIF 
P1006 2 si 100 6.0 125B hg 3000 100. 1:25B SOIF 
P1010 2 si 100. LOss 125B al aat 3000 100% 258 SOIF 
P2006 2 si 200 6.0 125B Lee 3000 200 125B SOIF 
P2010 2 Si 200 10 125B Lek 3000 200 125B SOIF 
P3006 2 Si 300 6.0 125B vere 3000 300 1253 SOIF 
P3010 2 Si 300 10 125B pasa 3000 300 125B SOIF 
P4006 2 Si 4090 6.0 125B 1.2 3000 400 125B SOIF : 
P4010 2 Su 400 10 125B aval 3000 A400 125B SOIF 
P5006 2 fey 500 6.0 125B tee 3000 5005 = 1256 SOLF 
P6006 2 Si 600 6.0 125B Led 3000 600 125B SOIF 
PS1190 8 Sit 12000 12000 100 70 70ma 25 70 10 12000 25 PSI 
PS1191 8 Si 14000 14000 100 75 70ma 25 15 10 14000 25 PSI 
PS1192 8 Si 16000 16000 100 80 70ma 25 80 10 16000 25 PSI 
PS1193 8 Si 18000 18000 100 85 70ma 25 85 10 18000 25 PSI 
PS1194 8 Si 20000 20000 100 90 70ma 25 90 10 20000 25 PSL 
PS1195 8 Si 22000 22000 100 95 70ma 25 95 10 22000 25 PSL 
PS1196 8 Ss 24000 24000 100 100 70ma 25 100 10 24000 25 PSI 
PS1197 8 Si 26000 26000 100 105 70ma 25 105 10 26000 25 PSI 
PS1198 8 Si 28000 28000 100 120 70ma 25 120 10 28000 25 PSL 
PS1199 8 Si 30000 30000 100 125 70ma 25 £25 10 30000 25 PSI 
PT560 2 Si 600 »00 100A ARGS) 500 600 100A GIC 
R515 2 Si 50 ,15 125B 1 3000 50. 1258 SOIF 
R520 2 Si 50 20 125B aS ee 3000 50° 125B SOIF 
R1015 % Si 100 15 125B Lee 3000 100 125B SOIF 
R1020 2 si 100 20 125B LoL 3000 100:- 1258 SOIF 
R2015 2 si 200 15 125B 12 3000 200 125B SOIF 
R2020 72 Si 200 20 125B Loe 3000 200 125B SOLF 
R3015 2 Si 300 15 125B hed 3000 300 125B SOIF 
R30 20 2 si 300 20 125B Dads 3000 300)* 1258 SOIF 
R4015 2 Si 400 15 125B Le2 3000 400 125B SOIF 
eee 2 Seb 400 20 125B a as 3000 400 125B SOIF 
5 2 Si 500 15 125B 1.2 3000 500 125B SOIF 
R6015 2 si 600 w5 125B 132 3000 600 12 
. 5B 
RL42 a Ge 2.0 2.5 -50 ae 
RL247 al Ge 80 2.0 1:0) 10 10 25 SIE 
ete 3 Si 100 100 50 80 2 100 100 25 SCN 
pi 500 500 ~90 80 1.2 100 500 25 SCN 
NOTATIONS i 
Other Fouawing ony tempe tater reading Pi ae ee Shadi 
4. For half waxe resistive sare SP Py ercontacked: tena 
Under U dt dit 
os load average :over 1 cycle eecervienl toe surge cutrentiaea 
ere capese Under Reverse Current ine nee 
3. Magnetic Amplifier D 5 — Storage 
A RAS, A—Inlet Temperature of Coolant 


4) Insulated Base 
5. Controlled Rectifier 


6. Dual Rectifier ; 6. Available in stack fi : 
A Direct Tube Replacement from Hist honufactic es T —Revised Data ZW = at 125% 
7. Controlled Forward Conductance’ 


Under Mfr. Type No. Under En 
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eee sah i MAX.D.C. _ _ | MAX. Max. Rey. Current 
< urren OUTPUT @ FUL 
_ TYPE mat] piv |WORKT = @ a5°¢ | curRENT! (°C) tT 61,@5, @T MER. 
NO. : VOLT. | at start 
ot Cnarts 


DIODES and RECTIFIERS 


I, @E, 
(volts) 


DROP4 
(volts) 


(volts) (mA) (uA) (volts) (°S) 


S26 2 Si 300 300 Pid: 80 Lieie 200 300 25 SCN 
S27 2 Si 1200 1200 225 80 sy 10 ~ 1200 25 SCN 
S50 2 SEE 50 50 3.0 80 i hare 100 50 25 SCN 
$51 2 Si 100 100 3.0 80 a | 100 100 25 SCN 
552 2 Si 200 200 3.0 80 1.3 100 200 25 SCN 
$53 2 Si 300 300 3.0 80 pees 100 300 25 SCN 
S54 2 Si 400 400 3.0 80 a 100 400 25 SCN 
S55 2 Si 500 500 3.0 80 1.3 100 500 25 SCN 
S56 2 Si 600 600 3.0 80 iss 100 600 25 SCN 
S60 2 Si 1000 1000 3.0 80 Ava 100 1000 25 SCN 
S61 2 si 1000 1000 ie 80 EEG 4 10 1000 25 SCN 
pil2 2 si 25 25 uA 80 h (ype 600 25 25 SCN 
S73 2 Si 30 30 -40 80 1.2 100 30 25 SCN 
S81 2 si 100 100 Pa G5) 80 : 20 100 25 SCN 
S82 2 Si 200 200 15 80 5 WAP 20 200 25 SCN 
883 2 Si 300 300 otD 80 dive on 20 300 25 SCN 
S84 2 Si 400 400 Pat G3) 80 NE 20 400 25 SCN 
S85 2 Si 500 500 onto 80 ee 20 500 25 SCN 
S86 2 Si 600 600 215 80 1.2 20 600 25 SCN 
S91 2 si 100 ~ 20 85A £e5 1000 100 85A GIC 
S91 2 Si 100 100 215 80 -90 2700 100 25 SCN 
S91H 2 Si 100 225 85A 1 re 3 500 100 85A GIC 
S92 2 Si 200 20 85A eo 1000 200 85A GIC 
$92 2 SL 200 200 Pes is) 80 -90 2700 200 25 SC 
89 2H 2 Si 200 a0 85A 1.5 500 200 85A GIC 
593 2 Si 300 520 85A iets 1000 300 85A GIC 
593 2 Si 300 300 ely 80 -90 2700 300 25 SCN 
$93H 2 OL 300 22D 85A i a 500 300 85A GIC 
S94 2 Si 400 - 20 85A le ateh 1000 400 85A GIC 
S506 2 Si 50 60 125B 1.0 5000 50° 1258 SOIF 
$1006 2 Si 100 60 125B 1.0 5000 100. “1258: SOIF 
S2006 2 Si 200 50 125B a0) 5000 200 125B SOIF 
S3006 2 Si 300. 50 125B i Wt) 5000 300 125B SOIF 
84006 2 Si 400 50 125B 150 5000 400 125B SOIF 
$5006 2 Si 500 50 125B 1.0 5000 500 125B SOIF 
SD91 A si 100 55 50 1000 100 100 IRC 
SD91A 1 Si 100 75 50 500 100 100 IRC 
SD9 2 =F Si 200 -55 50) 1000 200 100 TRC 
SD9 2A 1 Si 200 reyes) 50 500 200 100 IRC 
SD93 x Si 300 255 50 1000 300 100 IRC 
SD93A 1 SL 300 75 50 500 300 100 IRC 
SD94 1 Si 400 «oD 50 800 400 100 IRC 
SD94A ib si 400 Se 50 400 400 100 IRC 
SD95 ei Si 500 «55 50 650 500 100 IRC 
SD95A L. Si 500 275 50 300 500 100 IRC 
ie 2 Sti 200 130 125B 14.0 10ma 200 125B SOIF 
T2 2 Si- 400 115 125B aca 10ma 400 125B SOIF 
T3 vA SL 600 115 125B 1.0 10ma 600 125B SOILF 
TCS5 Z Sic 50 50 100 8.0 100ma 500 4.0 10 50 25C TRA 
TCS10 2 Sic 100 100 100 12 100ma 500 6.0 10 100 25C TRA 
“TMD40 a Si 6.0 6.0 1,0 «55 025 25 -50 2.0 25A TRA 
TMD41 1 Si 50 50 100 5 IEA 75ma 25 25 50 25A TRA 
TMD4 2 ai Si. 100 100 100 1.0 75ma 25 220 100 25A TRA 
TMD45 1 Si 200 200. 100 a) 75ma 25 225d 200 25A TRA 
UCI325 1 si 70 70 20 Le ay Fe 70 25 UCL 
UCI326 ay Si 100 100 40 2 i 100 50 25 UCI 
UCI327 1 Si 200 200 10 Bre 65 200 25 UCL 
UCI329 1 Si 60 60 1,0 1.0 60 60 150 UCL 
UCI331 af Si 25 25 5.0 Ls 5.0 20 25 UCL 
UCI332 pb Si 100 100 50 1.0 10 100 25 UCL 
NOTATIONS Other Following any hemparars reading Manufacturers should 
———— pee these symbols apply be contacted for val- 
4. For half wave resistive a ue and test condition 
Under Use load average ‘over | cycle A — Ambient for surge current and 
— Cc — Case maximum peak recur- 
1. General Purpose Under Reverse Current J — Junction rent current 
2. Power Rectifier’ Sy ee ee S — Storage 


3. Magnetic Amplificr 
1) Insulated Base 


Z\—Inlet Temperature of Coolant 


Zw Dynamic 


Under Mfr. 
5. Controlled Rectsfier a aT, Be 
6. Dual Rectifier ; 

/\ Direct Tube Replacement 


7. Controlled Forward Conductance 


6. Available in stack form 
from that manufacturer 
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Type No. 


7 —Revised Data 


Under Ep 


Wi - at 125% 
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CHARACTERISTICS CHART of SILICON ZENER or AVALANCE DIODES | 


Zener or Avalanche Dynamic TEMP. 
Voltage Range Impedance CO-EF- MER. 


MIN. MAX. FICIENT pee cons 
of chart 


Eb! Eb2 %/°C 
(volts) (volts) 


1N912 62 1.0 0 60 TAO) 500 PSI 
1N913 -62 afea0) 5.0 60 1.0 500 PSI 
1S51 3.8 5.4 10 33 10 300 -030 TOST ' 
1852 5.2 6.2 10 15 10 300 -005 TOSS 
1853 6.0 ea 10 3.0 10 300 -040 TOST 
1854 6.9 bya 10 6.0 10 300 045 TOSS 
1855 7.9 Set 10 9.0 10 300 045 OST 
1856 8.9 10.1 10 nig 10 300 -050 TOST 
PR410 A 9.0 ular 1200 -80 1200 10W -06 NAE 
PR411 A 9.9 12h. 1100 -90 1100 10W -06 NAE 
PR412 A 10.8 x ips Soe 1000 tO 1000 10W 06 NAE 
PR413 A THLE Yp 14.3 960 a Ls 960 10W Aue NAE 
PR414 A 12.6 15.4 890 2, 890 10W A iig4 NAE 
PR415 A 13.5 16.5 830 154 830 10W -07 NAE 
PR416 A 14.4 17.6 780 1.6 780 10W 07 NAE 
PR417 A RAS} 18.7 740 1.8 740 10W 07 NAE 
PR418 A 16.2 19.8 700 2.0 700 10W TO NAE 
PR419 A see 20.9 660 oe 660 10W 07 NAE 
PR420 A 18 22 630 2.4 630 10W 08 NAE 
PR422 A 18.8 LLG 570 2.5 570 10W -08 NAE 
PR424 A 21.6 26.4 520 2.6 520 10W -08 NAE 
PR425 A 22.5 27.5 500 Dai 500 10W -08 NAE 
PR427 A 24.3 29.7 460 2.8 460 10W 08 NAE 
PR430 A 27 33 420 3.0 420 10W -08 NAE 
PR433 A 29.7 36.3 380 See 380 10W -08 NAE 
PR436 A 32.4 39.6 350 3.5 350 10W -09 NAE 
PR439 A 35.1 42.9 320 4.0 320 10W -09 NAE 
PS1171 Z 1.42 1.58 20 9.0 20 1000 3.5 EST 
PS1172 Z 1652 1.68 20 12 20 1000 3.5 PSI 
PS1173 Zi Ip, TL 1.89 20 18 20 1000 3.5 PSI 
PS1174 Z 2.09 2.33 20 12 20 1000 4.8 PSI 
PS1175 Z 2.28 2.52 20 18 20 1000 4.8 PSI 
PS1176 Z PRS | 2.84 20 27 20 1000 4.8 1>'SHE 
PS1177 Z 2.85 3.15 20 18 20 1000 6.4 PSI 
SZL6 5.5 6.5 100 2.0 100 800 SIE 
SZL7 6.5 7.5 100 DSC 100 800 SIE 
SZL8 7.5 8.5 100 2.5 100 800 SIE 
SZL9 8.5 9.5 100 25 100 800 SIE 
SZL10 9.5 10.5 100 3.0 100 800 SIE : 
TMDO1 A 4.6 5.6 5.0 20 5.0 100 TRA 
TMDO2 A 5.1 6.2 5.0 15 5.0 100 TRA 
TMDO3 A 5.6 6.8 5.0 15 5.0 100 TRA 
TMDO4 A 6.1 7,5 5.0 15 5.0 100 TRA 
TMD05 A 6.8 8.2 5.0 15 5.0 100 TRA 
TMDO6 A Ted 9.1 5.0 15 5.0 100 TRA 
TMDO7T A 8.2 10 5.0 15 5.0 100 TRA 
TMDO8 A OF iti otal 5.0 15 5.0 100 TRA 


J Revised specifications 


4 Also available with plus or minus 5% tolerance. 


VOLTAGE VARIABLE CAPACITOR DIODES 


CAPACITANCE 


© @ Eb Q @ FREQ. 
(uuf) (volts) 
1548 20 10 20 30 20 TOST 
BA101 10- 
SC50 500 ae ae 25 "e si Pre 
SC100 1000 4.0 25 
SC 200 2000 4.0 25 om 
XD500 -10-1.0 0 10 30 2000 eee 
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1N25B 

f 1N25RB 
1IN31A 
4 1N53C - 
Z 1N53RG 


1N85 
IN286A 
1N650 
IN651 
1N652 


7 1N653 
1N2127A 
1N2926 
1N2926A 
1835 


1550 
1S57 
1858 
2N1595 
2N1596 


2N1597 
2N1598 
2N1599 
2N1600 
2N1601 


2N1602 
2N1603 
2N1604 
6GC1 


6GD1 


6GX1 


TI010 
T1025 


TI050 


IN295A 
1N2326 


B203 


B204 


CS2A 
CS3A 
CS3B 
CS4B 
CS9B 


DCT 

DCTA 
Do7B 
DC7C 
DCO7D 


EAT 
GW20 
GW102 
MCT 
MCT7A 
Mc7B 
MC7C 
MC7D 
MS1A 
MS1B 


DMM WODDDMDHM DHWhN No NRFRH 


AGAAAnR AANNP YNNNYN BRR KRRB 


DESCRIPTION 


Part 1 
L-Band Mixer SYL 
L-Band Mixer SYL 
X-Band Video Detector (coaxial) SYL 
Ka-Band Mixer (coaxial) SYL 
Ka-Band Mixer (coaxial) SYL 
Dark I-6 ua at 90V.;Light I-385ua at 25 deg. C. WE 
Broadband Mixer SYL 
GaAs;Ip-10ma+10pct; Vp-.10;Vf-1.1410pct; 30mw pi ald 
GaAs;Ip-10ma+2pct ;Vp-.10;Vf=1.145pct ; 30mw Ale 
GaAs;Ip-5.0matl0pet ;Vp-.10;Vf-.98+10pcet ; 30mw fgg 
GaAs;Ip-5.0ma+1l0pcet;Vp-.10;Vf-.98 typ.;30mw te 
Broadband Video Detector SYL 
Broadband Video Detector SYL 
Broadband Video Detector SYL 
Matched Quad; Germanium TOSS 
PIV-35V.;IR-75ua at 10V.3;Germanium;Single Ended TOS 
Meter Protect Diode; Silicon TOSS 
Matched Quad; Germanium TOST 
To=1A DC3. Vf=-50V at 125 deg. C. in off condition wy. 
Io-1A DC; Vf-100V at 125 deg. C. in off condition aE 
To-1A DC; Vf-200V at 125 deg. C. in off condition Ti 
Io-1A DC; Vf-300V at 125 deg. C. in off condition yb 
Io-1A DC; Vf-400V at 125 deg. C. in off condition GA 
Io-3A DC; Vf-50V at 125- deg. C. in off condition 2 La 
ITo=3A DC; Vf-100V at 125 deg. C. in off condition TE 
To-3A DC; Vf-200V at 125 deg. C. in off condition ol EK 
To-3A DC; Vf-300V at 125 deg. C. in off condition ae 
Io-3A DC; Vf-400V at 125 deg. C. in off condition AUS: 


Se.double diode for discriminator or phase detector; GE 
If-1.1 ma min. at 2.5 V.; Ir-4 ua at 20 V. 


Se.double diode for discriminator or phase detector; GE 
If-1.1.ma min. at 2.5 V.3.Ir-4.ua at 20 V. 
Se.double diode for discriminator or phase detector; GE 
If-1.1 ma min. at 2.5 V.; Ir=-4 ua at 20 V. 


50V.3; on-off switch-10ma; Gate Current—-5ma 71kG 
max. for on-off ‘switching. 
50V.3; on-off switch-25ma; Gate Current-10ma TTL 
max. for on-off switching. 
50V.; on-off switch-50ma;. Gate Current-20ma JisE 


max. for on-off switching. 


Part 2 
PIV-40V.3; Rev. I.-200ua at 10V.; Glass Package RAY 
For Temp. and Volt. Compensation Application RCA 
For use with 2N217, 2N270, 2N408 or similiar types 
Damper Diode; PIV=120V.; I-10A de max; BEN 
Rise Time-2.0usec max at 5.0A 
Damper Diode; PIV-120V.; I-25A de max; BEN 
Rise Time-2.0usec max at 20A 
Silicon; S Band Mixer; Single Plug Assembly AEL 
Silicon; X Band Mixer; Single Plug Assembly: AEL 
Silicon; X Band Mixer; Co-Axial AEL 
Silicon; X Band Detector; Co-Axial AEL 
Silicon; X Band Mixer; Co-Axial; Low Noise Type AEL 
PIV - 15V.3; Min.Rect.Eff.-50per cent SEM 


PIV-10V.; Min.Rect.Eff.-60per cent; I.F.Imp.-250 ohm SEM 
PIV-5V.; Min.Rect.Eff.-70per cent; I.F.Imp.-250 ohm SEM 


PIV-10V.; Min.Rect.Eff.-75per cent SEM 
PIV-15V.; Min.Rect.Eff.-85per cent SEM 
Out.I.-300ua min.;Out.V.-300mv min.;Response 10 usec max HSD 
PIV - 30V.;, Rev. I- 67ua at 10V.; Germanium ROSG 
Max. Conv. Loss-12db at 900Mc ROSG 


UHF band; Freq. Range 10-1000Mc; Power level-2000uw SEM 
UHF band; Freq. Range 10-1000Mc; Power level-2000uw SEM 


UHF band; Freq. Range 10-1000Mc; Power level-3000uw SEM 
UHF band; Freq. Range 10-1000Mc; Power level-10000uw SEM 
UHF band; Freq. Range 10-1000Mc; Power level-10000uw SEM 
Silicon; Active Area-8.7 sq. mm; Rise Time 1.0usec FERB 
Silicon; Active Area-8.7 sq. mm; Rise Time 1.0usec FERB 
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CLASSIFI- IPTION 


MS1C 
MS2A 
MS4A 
MS5A 
MS6A 
MS7A 
MS8A 
MS8B 
OAP12 
ORP10 


ORP11 
SX10 


SX761 
T101 
T102 


T1038 
T104 
ZJ56 
ZJ56A 


TYPE MAT 


NO. 
IN811 Si 
1N812 Si 
1N813 Si 
1N814 Si 
1IN815 Si 
1N9 24 Si 
1N9 34 Si 
1N997 si 
1820 Ge 
1S%3 Ge 
AAZ10 Ge 
ED2015 Ge 
ED2016 Ge 
ED2017 Ge 
ED2018 Ge 
FD100 Si 
ID1-050 
ID1-050T 
ID2-050 
ID2-050T 
ID3-050 
ID3-050T 
TD5-050 
ID5~050T 
ID6-050 
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MISCELLANEOUS DIODES 


5 Silicon; Active Area-8.7 sq. mm; Rise Time 1.0usec FERB 
5 Silicon; Active Area-222 sq. mm; Rise Time 5.0usec FERB 
5 Silicon; Active Area-34 sq. mm; Rise Time 5.0usec FERB 
5 Silicon; Active Area-67.7 sq. mm; Rise Time 5.0usec FERB 
5 Silicon; Active Area-101.5sq. mm; Rise Time 5.0usec FERB 
5 Silicon; Active Area-135 sq. mm; Rise Time 5.0usec FERB 
5 Silicon; Active Area-6.3. sq. mm; Rise Time 1.0usec FERB 
5 Silicon; Active Area-6.3 sq. mm; Rise Time 1.0usec FERB 
4 Germanium; Sealed in a metal case. PHIN, AMP, RADF- 
11 Indium Antimonide;Spect. resp. visible to 8 microns MUL 
ath CdS; Spect. resp. in red and infggsred region. MUL 
Non Linear Diode; Forward I-Io(e -1) over GECB 
5 decades of current; 100ma max. at 1.5V.;300mw 
Surge Suppression Diode; 30-45V. at 1.0ma GECB 
10 Peak I.-.80ma;Peak V.-55mv;Valley-300mv;Ip/Iv-4.5min SSD 
10 Peak I.-1.5ma;Peak V.-55mv;Valley-300mv;Ip/Iv-4.5min SSD 
10 Peak I.-3.5ma;Peak V.-55mv;Valley-300mv;Ip/Iv-4.5min SSD 
10 Peak I.-7.0ma;Peak V.-55mv;Valley-300mv;Ip/Iv-4.5min SSD 
10 IP/IV-10; Typ.I-1.0ma; Typ. Cond.-.010mho GE 
10 IP/IV-1.5; Typ.I-1.0ma; Typ. Cond.-.00065mho GE 


1 
2 
3 
4 
5 


Notations Under Classification 


. Microwave diodes 6. Harmonic generator diodes 
. Mixer or detector diodes 7. 4-Layer bistable diodes 

. Varactor diodes 8. Controlled rectifier 

. Photodiodes 9. PNPN switch 

. Solar Cells o Tunnel diode 


CONT. 


MAX.IMin. Forward} MAX. REVERSE 
CURRENT 


HR 


. Photoconductive cell 


CHARACTERISTICS CHART of SWITCHING DIODES 


Recovery Characteristics 
TEST Zrec. @ time (t 
CONDITIONS 


MER. 
| atstart | 


at start 
of charts 


Annwwe pHyHEH 


25 


‘eh eae On 
SSF Orr: S10 OOO 


Fwd. Rey. 


I;to Ey 
(volts) 


(ma) (K ohms) 


(volts) 


(usec 


1@1 1 @ -10 5 to -10 20@.25 
2@1 0.1 @ -10 5 to -10 20@.25 
5@l 0.5@ -5 5 to -10 20 @ .25 
2@1 0.1 @ -20 5 to -10 20@.25 

L00°@-1)5> 2 :30.5-@. 45), 25 5 eo ORs n zoo es 
30 1.0 025 60 30 20 400 2.0 
30 1.0 2025 60 30 35 400 1.0 
10 1.0 2025 12 5.0 10 40 215 

4.0 50 55 10 30 20 67 3.5 

100 1.2 200 10 30 5.0 25 2.0 
6.0 1.0 40 10 30 10 20 150 
1.0 -30 10 10 6.0 7.0 50 80 
1.0 30 15 10 6.0 Uo) 50 120 
10 - 30 15 10 6.0 7.0 50 120 
1.0 230 25 10 6.0 7.0 50 200 
10 1.0 -10 50 10 1.0 1.0 004 
100 1.0 100 £0 10 6.0 3.0 50m 
g30 130 100 AL 10 6.0 3.0 -50m 
100 1.0 100 2.0 10 6.0 3.0 -50m 
250 1.0 100 2.0 10 6.0 3.0 -50m 
100 1.0 100 3.0 10 6.0 3 
. . 0 -50m 
250 1310 100 3.0 10 6.0 3.0 -50m 
100 1.0 100 5.0 10 6.0 3.0 -50m 
250 1.0 100 5.0 10 6.0 3.0 -50m 
100 1.0 100 6.0 10 6.0 3.0 -50m 
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SWITCHING DIODES 


MAX.IMin. F d ‘ 
mone Salhi shape ba = Recovery Characteristics 


@ 25°C @ 25°C 


TEST —_| Zrec, @ time (t MER: 
CONDITIONS| pod rs 
Ib @ Ey Fwd. Rey. cag 


I,to E b 
(ua) (volts) fm) — (volts) | (K ohms) 


ID6-050T 7.5 6.0 250 1.0 100 6.0 10 6.0 3.0 -50m IDC 
ID10-050 12 10 100 1.0 100 10 10 6.0 3.0 -90m IDC 
ID10-050T 12 10 250 1.0 100 10 10 6.0 3.0 -50m IDC 
Q3-90T 3.5 3.0 200 1.0 100 3.0 10 6.0 3.0 1.0m IDC 

; Q5-100 6.0 5.0 100 1.0 100 5.0 10 6.0 3.0 1.0m IDC 
Q5-100T 6.0 5.0 250 1.0 100 5.0 10 6.0 3.0 1.0m IDC 
Q6-100 7.5 6.0 100 1.0 100 6.0 10 6.0 3.0 1.0m IDC 
Q6-100T 7.5 6.0 250 1.0 100 6.0 10 6.0 3.0 1.0m IDC 
Q10-100 12 10 100 1.0 100 10 10 6.0 3.0 1.0m IDC 
Q19-100T 12 10 250 1.0 100 10 10 6.0 3.0 1.0m IDC 

TMD 24 Si 50 50 20 85 50 50 5.0 40 400 30 TRA 

~ <TMD25 Si 100 100 20 85 50 100 5.0 40 400 - 30 TRA 
TMD27 i 200 200 20 85 -50 200 5.0 40 400 30 TRA 

oy Oe Si 50 50 5.0 75 50 50 10 6.0 2.0 .004 TRA 
TSW30 Si-PNPN 30 50 25 TRA 
TgW60 Si-PNPN 60 50 25 TRA 
U£1328 Si 20 20 20 1.0 3.0 15 10 15 100 -50 UCL 


The following manufacturers have announced that they have begun supplying the indicated previously registered devices. 


RAYTHEON: 
1N1191A,.1N1192A, 1N1193A, 1N1194A- 


EM: 
1N920, 1N921, 1N922, 1N923, 1N925, 1N926, 1N927, 1N928. 


SILICON TRANSISTOR: 
1N643, 1N662, 1N663 


SYLVANIA ELECTRIC: 
1N252 thru 1N256, 1N332 thru 1N349, 1N536 thru 1N540, 1N547, 1N550 thru IN555; 1N1095, 1N1096, 1N1560 


TEXAS INSTRUMENTS: 
1N614, 1N615,. 1N616 


TRANS-SIL: 
1N1612, 1N1613, 1N1614, 1N1615, 1N1616 


UNITED COMPONENTS: 
1N778, 1N779, 1N891, 1N892, 1N893 


U.S. SEMICONDUCTOR: y 
1N1351A thru 1N1375A, 1N1806A, 1N1807A, 1N1808A, 1N1816A thru 1N1836A, 1N2008A, 1N2498A, 1N2499A, 1N2500 


E 


S: 
1N1183 thru, 1N1198 


WESTINGHOUSE, REDRESSEURS DIV. (FRANCE) : 
1N34, 1N35, 1N38, 1N40, 1N54, 1N56, IN57, IN60 


BRADLEY SEMICONDUCTOR: 
1N253 thru 1N256, 1N317 thru 1N320, 1N317A thru 1N320A, 1N324 thru 1N327, 1N324A thru 1N329A, 1N332 thru 1N349, 
1N360 thru 1N363, 1N360A thru 1N365A, 1N368, 1N442 thru 1N445, 1N442B thru 1N445B, 1N532 thru 1N540, 1N547 
1N651 thru 1N555, 1N560 thru 1N563, 1N599 thru IN614, 1N599A thru 1N602A, 1IN604A thru IN614A, 1N1095, 1N1096, 
1N1100 thru 1N1105,1N1115 thru 1N1120, 1N1124 thru 1N1128, 1N1124R thru 1N1128R, 1N1169, 1N1169A, 1N1199 thru 
1N1206, 1N1217 thru 1N1226, 1N1217A thru 1N1221A, 1N1223A, 1N1224A, 1N1341 thru 1N1348, 1N1443, 1N1486, 1N1487, 
1N1489 thru 1N1492, 1N1537 thru 1N1544, 1N1551 thru 1N1559, 1N1581 thru 1N1587, 1N1612 thru 1N1616, 1N1692 
thru 1N1695, 1N2026 thru 1N2031, 1N2081 thru 1N2084, 1N2086, 1N2218 thru 1N2225, 1N2222A thru 1N2225A, 1N2228 
thru 1N2243, 1N2228A thru 1N2243A, 1N2246 thru 1N2257, 1N2246A thru 1N2257A, 1N2260 thru 1N2263, 1N2260A thru 
1N2263A, 1N2266 thru 1N2271, 1N2289 thru 1N2293, 1N2289A thru 1N2293A 


CONTINENTAL DEVICE: 
1N456 thru 1N459, IN456A thru 1N459A, 1N461 thru 1N464, 1IN461A thru IN464A, 1N482 thru 1N487, 1N482A thru 
1IN487A, 1N482B thru 1N486B 


ELECTRON RESEARCH: 
1N39, 1N56A, 1N58A, 1N65, 1NG8A, 1N75, 1N81, 1N89, 1N95, 1N97, 1N126,1N127,1N277,1N290, 1N294, 1N625, 1N632, 1NG34 


FAIRCHILD SEMICONDUCTOR: 
1N251, 1N252, 1N456 thru 1N459, 1N456A thru 1N459A, 1N461 thru 1N464, 1N461A thru 1N464A, 1N482 thru 1N486, 
1N482A thru 1N486A, 1N482B thru 1N486B, 1N619, 1N622, 1N625 thru 1N629, 1N643, IN643A, 1N658 thru 1N663,1N662A, 
1N663A, 1N676, 1N678, 1N778, 1N779, 1N789 thru 1N809, 1N811 thru 1N815, 1N837 thru 1N845, IN837A, 1N890 thru 
1N893, 1N903 thru 1N908, 1N914, 1N916, 1N925 thru 1N928, 1N934 


GENERAL ELECTRIC: 
1N645, 1N646,, 1N647, 1N648, 1NG49 


KEMTRON ELECTRON: 
1N253 thru 1N256, 1N1139, 1N1141, 1N1143, 1N1144, 1N1146 thru 1N1149, 1N1730 thru 1N1734 


NORTH AMERICAN ELECTRONICS: 
1N137A, 1N138A, 1N200 thru 1N222, 1N225 thru 1N233, 1N445, 1N445B, 1N465 thru 1N475, 1N530 thru 1N535, 1N562, 
"1IN563, 1N609, 1N609A, 1N1096, 1N1100 thru 1N1105, 1N1119, 1N1120, 1N1124 thru 1N1128, 1N1217 thru 1N1236, 
1N1217A thru 1N1224A, 1N1227A thru 1N1234A, 1N1251 thru 1N1261, 1N1313 thru 1N1322, 1N1341 thru’ 1N1348, 1N1351 
thru 1N1365, 1N1367 thru 1N1369, 1N1434 thru 1N1438, 1N1443, 1N1444, 1N1487 thru 1N1492, 1N1507 thru 1N1528, 
1N1537 thru 1N1544, 1N1581 thru 1N1609, 1N1692 thru 1N1695, 1N1701°thru 1N1712, 1N1735 thru 1N1742, 1N1736A 
thru 1N1742A,1N1745 thru 1N1762,1N1765 thru 1N1786,1N1803 thru 1N1808,1N1816 thru 1N1828, 1N2013 thru 1N2035, 
1N2046 thru 1N2049, 1N2154 thru -1N2160, 1N2491 thru 1N2497, 1N2501 thru 1N2608, 1N2512 thru 1N2517 
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Market News... 


Prices 


Fairchild Semiconductor Corp. has in- 
troduced a series of diffused Si diodes. 
Type FD200 is priced at $6.50 in lots of 
1-99 and at $5 in lots 100-999. 


Sylvania Electric Products Semiconduc- 
tor Division has reduced the price of 
their 2N711 mesa switching transistors to 
$1.95 each in lots of 100 to 999 units. The 
firm has also reduced prices approxi- 
mately 60% on its tunnel diodes. Prices 
in quantities of 25 units or less: Type 
D4115, $17.50; Type D4115A, $27.50; and 
Type D4115B, $37.50. 


Texas Instruments Incorporated has 
introduced two Si mesa switching tran- 
sistors. The 2!N706A, priced at $10.45 each 
in quantities of 100-999 and $15.70 in 
quantities 1-99. Their 2N573, which is a 
high gain version of the 2N706A, is priced 
at $12.30 in quantities 100-999 and $18.50 
in quantities 1-99. The firm has also 
introduced a high-speed Ge mesa switch- 
ing transistor 2N711. Prices in quantities 
1-99 are $2.90 each, and in 100-999 quan- 
tities at $1.95 each. 


General Instrument Corp., Semicon- 
ducter Division, has developed four se- 
Ties of cartridge rectifiers. These are 
priced at follows: 


IN-1730-34 $8.25 to $36 each 
1N-2373-81 $6.10 to $53 ” 
1N-2382-85 $25.00 to $54 ” 
IN-1133-49 $8.50 to $106 ” 


International Rectifier Corp., El Se- 
gundo, Cal. has designed a series of 500 
ma rated diffused junction Si diodes. 
This series consists of X5A2, X5A4, X5A5, 
and X5A6 priced from 95¢ to $1.45 each 
in quantities of 1-99. In addition the firm 
has marketed three series of Si diodes 
which are 100% tinplated for resistance 
to salt spray. Prices per unit for quanti- 
ties up to 99 are: Series 1N440 and 440B, 
$1.95 to $4.40; 1N1487 to 1492, 72¢ to $2.75; 
1N1692 to 1695, 70¢ to $1.30. The firm also 
has available Si power rectifiers for bat- 
tery charging and industrial power appli- 
cations priced from $9.30 to $50.55 each in 
quantities from 1-99. 


Pacific Semiconductors, Inc. has made 
an average reduction of 37% in price on 
their microminiature diode line. Prices 
in quantity lots per unit are: PD-101 at 
$2.44; PD-109 at $4.87. The six computer 
micro-diodes in the 1N897-1N902 series 
range are priced from $2.62 to $4.50 each. 
The firm has also a new line of micro- 
transistors which are now being sampled 
by industry at a top price of $45 each 
and an average price of $37 each. 


Philco Corp., Lansdale Division has an- 
nounced considerable price reductions in 
their entire silicon transistor line (SAT 
and SADT) ranging from 15 to 28%, as 
well as a new low price for the T1925 
tunnel diode. The firm has also added 
the 1N26BR and 1N78DR microwave di- 
odes to its line of units for the K and 
KU band. In quantities of 100 or more 
prices range from $9 to $72 each. 
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Rheem Semiconductor Corp. silicon 
diode type 1N661A, in quantities of 100- 
999, is priced at $2.74 each. The firm has 
also cut prices 20 to 45% on eight of its 
millimicrosecond silicon diodes. The new 
price schedule in 1-99 lots is: 1N903, $5.50; 
1N904, $4.75; 1N905, $4.20; 1N906, $3.70; 
1N907, $4.20; 1N908, $4.75; 1N914, $4.50; 
1N916, $6.50. 


Hughes Aircraft Co., Semiconductor Di- 
vision has designed two Zener diodes, 
types 1N702 and 1N724 which are priced 
at $3.75 to $4 each in quantities below 100. 
The firm has also added two high fre- 
quency p-n-p silicon transistors,,These 
are the 2N1196 priced at $21.80 and the 
8N1197 priced at $23.40 in quantities 1-100. 


Sales 


Rheem Semiconductor Corp. has named 
Dage Corp., New York as export sales 
representative to handle their complete 
line of silicon diodes and silicon mesa 
transistors. The firm has also appointed 
two new sales offices for their eastern 
division. One is located in Lexington, 
Mass., the other new office is located in 
Riverdale, Md. 


According to the Finance Ministry, Jap- 
anese shipments of transistors to the 
United States for the first quarter of 1960 
was 386,138 units as compared with 41,779 
in the first three months of 1959. 


Total factory sales of transistors dropped 
to 9.891 million units in April after hit- 
ting a record high of 12 million in March. 
April’s total sales, however, were more 
than one million units higher than the 
best monthly total of 8.6 million sold last 
year. Totals so far for 1960 are: 


Units Value 
April 9,891,236 $ 23,198,576 
March 12,021,506 28,700,129 
February 9,527,662 24,831,570 
January 9,606,630 24,714,580 
Jan.-Apr. 1960 41,047,034 101,444,855 
Jan.-Apr. 1959 22,805,716 62,774,889 


Suppliers 


Di-Tran Corporation, successor to Cal- 
Tronics Corporation of Los Angeles has 
absorbed all the top staff members of 
Cal-Tronics Corporation and added key 
personnel for the purpose of engineering, 
manufacture and marketing semicon- 
ductor test equipment on a greater scale. 
Cal-Tronics Corporation, over the past 
two years, has developed an extensive 
product line which has resulted in a 
family of automatic semiconductor test 
equipment devices. 


Philco Corporation has begun marketing 
microwave coaxial MADT (Micro-alloy 
diffused~base) transistors in engineering 
quantities at $125.00 each. Applications 
include: low noise amplifier at frequen- 
cies between 200 and 600 megacycles, 
power amplifier for frequencies between 
300 and 1000 megacycles, local oscillator 
up to 2000 megacycles. 


Hoffman . Electronics Corporation has | 
nearly doubled the number of 10-watt 
Zener power regulators it offers by add- 
ing 137 JEDEC types to its existing line. 
This brings to 277 the varieties of Hoff- 
man SIE case type regulators available 
for immediate delivery. 


Expansions 


Ovitron Corporation, specialists on solid 
state power control and allied electronic 
components, has moved from Detroit to 
a new plant in Long Island City, N. Y., 
in order to obtain better access to mar- 
kets and technical personnel. Their re- 
search and development division contains . 
a solid state laboratory especially de- ' 
signed for the development of electronic 
components using advanced electrochem- 
ical and semiconductor principles. Their 
engineering division is set up to manu~ 
facture components on a commercial 
basis, particularly silicon controlled rec- 
tifiers and solid state line regulators. 


Financial 


Texas Instruments Incorporated has 
filed a prospectus covering 200,000 shares 
of common stock which will be offered 
under the firm’s stock option plan. 


General Instrument Corporation has re- 
ported sales of $56,175,270 for the year 
ended February 29, 1960, an increase of 
21% over the $46,562,300 recorded the pre- 
vious year. Net profits after taxes were . 
$2,104,547, equal to $1.37 per share on 
1,534,123 shares outstanding at the year- 
end. This was a 59% increase over the 
$1,317,828 earned the previous year, equal 
to 93 cents per share on the lesser num- 
ber (1,416,173) of shares then outstand- 
ing. Semiconductor sales were up 137% 
for the year. 


Stockholders of Fairchild Camera and 
Instrument Corporation and Allen B. Du 
Mont Laboratories, Inc., have approved 
the merger of the two corporations, with 
Fairchild as the surviving company. The 
basis for the conversion of Du Mont 
stock into Fairchild stock, one share of 
Fairchild for each 15 shares of Du Mont 
Common and each 5.7 shares of Du Mont 
Preferred, will result in the issuance of 
approximately 178,000 shares of Fairchild 
Common Stock in addition to the 1,039,140 
shares presently outstanding. The merger 
will be effected immediately. 


The Sprague Electric Company and the 
Telegraph Condenser Company, Ltd., of 
Great Britain have signed an agreement 
to exchange research, development, and 
manufacturing know-how for the next 21 
years. Sprague has also sold the rights 
to its United Kingdom patents and ap- 
plications to TCC together with the tech- 
nical and engineering information neces- 
sary to exploit them. 


ELINEX. (Electronics Industries Ex- 
change,) announced: completion of ne- 
gotiations they instituted, and the result- 
ant acquisition of the Design Tool Corp. 
product line of specialized equipment and 
automated tools for transistors, con- 
densers and discaps, by Federal Manu- 
facturing and Engineering Corp. of Gar- 
den City, L. I, N. Y., a subsidiary of 
Victoreen Instrument Company, Cleve- 
land. This acquisition is third in a series 
by Federal M & E Corp.; having recently 
acquired Standard Felt Co. and Nuclear 
Electronics Corp. The staff of ELINEX 
engages in confidential initial contact 
and preliminary negotiation for ac- 
quisition, sale or merger of operations in 
the electronics and associated industries. 
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Industry News 


CONFERENCE CALENDAR 


- 


The Following September 1960 Meetings Are Scheduled: 
‘Sept 7-9 Joint Automatic Control Conference, Massa- 
chusetts Institute of Technology, Cambridge, 
Mass. Sponsored by PGAC, IRE, ASME, ISA, 
AIEE, AIChE. For Information: Dr. James 
Mozley, Johns Hopkins University, Baltimore. 
Sept 9-10 Conference on Communications, Roosevelt 

Hotel, Cedar Rapids, Iowa. Sponsored by 
Cedar Rapids Section. For Information: G. R. 
Marner, Collins Radio Co., 5225 C Ave., N.E., 

Cedar Rapids, Iowa. 

Sept 11-16 American Chemical Society, Annual Meeting, 

Statler-Hilton Hotel, New York City. 


Sept 13-16 Electronic Industries Association, Fall Con- 
ference, French Lick-Sheraton Hotel, French 


Lick, Ind. 


8th Annual Engineering Management Confer- 
ence, Morrison Hotel, Chicago, Ill. Sponsored 
by PGEM, AIChE, ASME, ASCE, AIEE, AIIE. 
For Information: H. M. O’Bryan, Sylvania 
Electric Products, 730 Third Ave., New York 
City. 


Sept. 15-16 


Sept 15-17 Upper Midwest Electronics Conference, Civic 


Auditorium, Minneapolis, Minn. 


Sept 19-22 National Symposium on Space Electronics 
& Telemetry, Shoreham Hotel, Washington, 
D. C. Sponsored by PGSET. For Information: 
H. W. Royce, Glen L. Martin, Mail Stop 


H-2035, Baltimore, Md. 


Sept 21-22 Industrial Electronics Symposium, Manger 
Hotel, Cleveland, Ohio. Sponsored by PGIE, 
AIEE. For Information: G. E. Hindley, Re- 
liance Elec. & Eng., 24701 Euclid Avenue, 
Cleveland 17, Ohio. 

Sept 22-23 Electronics Division, American Ceramic So- 
ciety Meeting, Hotel Schroeder, Milwaukee. 


American Welding Society National Fall 
Meeting, Penn-Sheraton Hotel, Pittsburgh, 
Pa. For Information: American Welding So- 
ciety, 33 West 39th Street, New York City. 


Sept 26-29 


Instrument-Automation Conference & Exhibit 
and 15th Annual Meeting, New York Coli- 
seum and Hotel New Yorker, New York City. 
Sponsored by Instrument Society of America. 
For Information: Wm. H. Kushnick, ISA, 313 
Sixth Ave., Pittsburgh 22, Pa. 


Sept 26-30 
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RESEARCH & DEVELOPMENT 


Scientists of the International Business Machines Corpo- 
ration recently demonstrated how they can “grow” elec- 
tronic components with a new technique of arranging 
atoms of one material on another, a kind of “atomic 
bricklaying.” They expect that the process will be used to 
produce functional circuit building blocks for future 
high-speed computers. 

The new fabrication process, which the scientists call 
vapor growth, is a major advance in solid-state technology. 
It has been used already by IBM to produce a variety of 
experimental semiconductor devices, including Esaki tun- 
nel diodes and transistors. It does this in one continuous 
operation. The vapor growth process makes practical a 
special type of growth, epitaxial, of a layer of one semi- 
conductor on another, such as germanium on gallium 
arsenide. This means the top layer automatically duplicates 
the same crystal structure as the one beneath it. This 
allows best advantage to be taken of the properties of 
each material. 


In the process, semiconductor iodide vapor picks up 
semiconductor material at a high temperature from one 
end of a glass tube. This vapor then moves toward a 
cooler part of the tube where the semiconductor “grows” 
from the vapor onto a suitable single crystal seed. It is 
then possible to fabricate the actual device on the seed. 


A source of “coherent” light, “an ‘atomic radio-light’ 
brighter than the center of the sun,” has been created by 
Dr. T. H. Maiman of Hughes Aircraft Company. Called a 
“laser” (from Light Amplification by Stimulated Emission 
of Radiation), this device contains a synthetic ruby as its 
“heart.” Dr. Maiman said he has described the laser in a 
paper submitted to the Journal of Applied Physics. The 
essential steps in its operation are simple, at least from the 
scientist’s point of view, he said. He listed them: 

1. A light source, such as a powerful flash tube lamp, 
irradiates a synthetic ruby crystal. 

2. The optical energy excites the atoms to a higher 
energy state from which the energy is reradiated in a 
narrow band of frequencies. 


3. The excited atoms are coupled to an atomic resonator 
and stimulated to emit the radiation together; hence the 
acronym laser. This is in contrast to ordinary light sources 
where the atoms radiate individually at random and is 
responsible for the incoherence of these latter light sources. 


(Continued on next page) 
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(before) 


Reverse leakage 
tracing before 
immersion 

in H202. 


(after) 


Reverse leakage 
tracing after 
immersion 

in H202, 
dried without 
washing 
(virtually no 
change). 


Here's proof ! 


No increase in reverse leakage 
when you etch diodes in 


BECCO Hydrogen Peroxide! 


*% To test the effect of impurity-free Becco Hydrogen Peroxide 
across an unsealed diffused silicon junction diode, the following “‘tor- 
ture test” was performed: 600 volts AC were applied across the diode, 
and the reverse leakage current depicted on an oscillograph. Then, the 
diode was immersed in Becco 30% Reagent Grade Hydrogen Peroxide. 
The diode, without being washed in any way, was placed on a hot plate 
and the H,0, was evaporated, 


The voltage was re-applied and the tracing produced was virtually 
identical (see above)—proof that no impurities that could affect the 
diode exist in Becco Hydrogen Peroxide. 


Of course, you'll use Becco H,0, at a different stage—when you etch 
the diode. And, of course, good practice still dictates that you wash the 
diode in pure water following the etch. Nevertheless, this test proves 
that you need not be too concerned with your wash when you etch in 
Becco H,0,, since the peroxide itself, made by an inorganic method, 
can not deposit any impurities of its own on the diode. 


Becco packages its Reagent Grade H,0, in returnable or non-return- 
able polyethylene containers to insure its purity when it arrives at your 
plant. Write us for further information or specifications, analysis, 
prices, etc. Address: Dept. SP-6. 


BECCO’ 


NA BECCO CHEMICAL DIVISION 
= Food Machinery and Chemical Corporation 
nee Station B, Buffalo 7, New York 


Circle No. 30 on Reader Service Card 
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The special products operations at Philco’s Lansdale 
Division has developed a technique for sealing germanit 
windows to infrared detectors, making possible the fabri- 
cation of detectors for use in longer wavelength regions 
The development enables detectors to receive transmis- 
sion of infrared radiation beyond 25 microns (the german- 
ium window may be coated to peak within this range)! 
Detectors incorporating commonly used silicon and sap-: 
phire windows limit transmission of infrared radiation t 
about the nine and six micron regions, respectively. 


Westinghouse Electric Corporation scientists have com-. 
bined two advanced forms of power generation to convert; 
the heat of fission inside a nuclear reactor directly into 
electricity. Dr. William E. Shoupp, technical director of 
the company’s atomic power department, said that a therm-- 
ionic and thermoelectric generator was built into a nuclear 
fuel assembly and inserted into a reactor to produce elec- 
tricity. This experiment, conducted by Peter J. McCoy,’ 
was operated at the Westinghouse Testing Reactor at Waltz: 
Mill, Pa., and produced about one watt of power. It wass 
designed to determine the feasibility of such a “dual” gen- - 
erator without consideration of optimum efficiency ort 
high power output. 

Dr. Joseph C. Danko, manager of direct conversion 
activities at the atomic power department said, “While this : 
experiment was just to determine feasibility of the heat t 
conversion system, the development program will continue : 
toward the goal of increasing the efficiency of the device.” ’ 
Shown below, Dr. Shoupp holds the combination thermo- - 
electric-thermionic test device (right). 


Development of high-speed scalers using gallium- 
arsenide tunnel diodes in series has been announced by 
the Research Division of Philco Corporation. With double- 
pulse resolution for switching between intermediate states 
of less than 14 nanoseconds, the device utilizes the char- 
acteristic of series-connected tunnel diodes wherein volt- 
age is a multi-valued function of current. Upon initial ap- 
plication of source current, the stack of diodes, treated as 
a two-terminal device regardless of the number of diodes, 
maintains its lowest voltage. Each pulse of proper ampli- 
tude applied to the input terminal boosts stack voltage to 
the next higher level. The transistor reset circuit is biased 
to operate when the highest stack level is reached. 

Utilization of GaAs tunnel diodes was encouraged 
through the devices’ intrinsically higher voltage swings, 
their peak-to-valley ratios of greater than ten to one, and 
switching times of less than a nanosecond. With the tunnel- 
diode scaler, extremely high switching and reset speeds are 
supplemented by significant reduction in space, weight and 
power requirements in comparison with beam-switching 


tubes or cascaded transistor binaries used in like applica- 
tions. 
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FOR STAMPINGS 
CALL J&H 


Semi-conductor precision metal 
stampings and deep-drawn parts. Made to 
close tolerance at low cost. Fast service. Write 
or phone for prices and free copy of Bulletin 82. 


An affiliate of 

es Tike Co JOHNSON & HOFFMAN 
Vi RONC LEE A CHT HORA NeGS C.OoR; PO: RATE Ose 
31East 2nd Street * Mineola, New York « Pioneer 2-3333 
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GILLINGS-BRONWILL 


THIN SECTIONING 
fm MACHINE 


FOR 
RESEARCH 
AND 
PRODUCTION 


CRYSTAL SECTIONING .005” to .010” 


Cut sections as thin as .005” practi- s 


All 


cally plano-parallel from blocks %/ 
x 114” x 8” in less than 5 minutes 
with this 6500 RPM 4” x .012” dia- 
mond wheel. Automatic, two direc- 
tion, precision table feed. Rate of 


feed set from 34” to 34” per minute. 
14 H.P., 115 volt, rubber mounted 
motor. Immediate delivery. 


Write for 
Specifications 


BRONWILL SCIENTIFIC 


Division of Will Corporation 


3905 Russell St., Box 3927, Rochester 10, N. Y. 
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FOR REPRODUCIBLE RESULTS 


ULTRA-PRECISE 
HIGH-PURITY 
SEMICONDUCTOR PREFORMS 


All your requirements in a complete 
Ask for range of alloys for alloying and solder- 
Bulletin A-68 ing, with purities held to 99.999-+% 
». «vend in the form of spheres, discs, washers, 
prints for pellets and special shapes, precision 
quotation. fabricated to your specification. 


Accu rate Dept. SP-8 


Specialties Co., Inc. 


37-11 57th Street - Woodside 77, N.Y. +» TWining 9-5757 
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Typical combination for preparing gallium arsenide consists of 2 
furnaces 2”ID x 10”OD x 20” and I furnace 2”ID x 10”OD x 6”. 
Note adjustable spacing between furnaces, Thomson rods and 
ball bushings for linear motion of entire unit. 


@®88o ® & Oo 
OF O80 2006000000 


MARSHALL 


furnace apparatus for 


SEMI-CONDUCTOR 
PRODUCTION 


Model 60-SC furnace apparatus is designed for semi 
conductor preparation and growing single crystal materials. It con 
sists of two or more tubular furnaces mounted on a common axi: 
with a quartz reaction tube running through all furnace chambers: 
This arrangement permits zone refining and directional freezing of 
most semi-conductor materials. Furnaces are available in temper+t 
ature ranges to 1400° C., can maintain uniform zones of +1° C.’ 
and have sufficient shunt taps to establish any reasonable tempera- 
ture profile within the chamber. Furnaces can be spaced to establish’ 
sharp temperature gradients between adjoining units, and can be 
driven in tandem along the support stand at speeds from Ye” tc 
9” per hour. Marshall can supply the complete package of appro- 
priate furnaces, support stand, drive unit, and temperature controls; 
for horizontal operation (shown above) or in vertical position fon 
“Bridgman Drop” experiments. Ask for specification sheet 825-A.. 
Marshall Products Co. tubular furnaces and control panels 

. 270 W. LANE AVENUE, COLUMBUS 2, OHIO 
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CRANE 


...permits zone refining 
and directional freezing 


Inserts 
> 


with 
DURAMIC 
tooling 


Useful applications: 

@ Analyzing “Freon” and Sulfur 
Dioxide refrigerants. 

@ Continuous or batch analyses 
of moisture in a wide variety 
of gas streams — including 
process streams, inert atmos- 
pheres required in plant proc- 
esses and laboratory dry 
boxes, and plant instrument 
streams. 


Duramic tooling offers semiconductor manufac- 
turers a proven non-wetting alloying and solder- 
ing boat material, with greater wear resistance, 
exceptional dimensional stability, and cleanliness. 


Ask for Bulletin 117...Send prints for quotation. 


URAMIC 
PRODUCTS, INC. 


426 Commercial Avenue, Palisades Park, N. J. Windsor 7-0310 


Dept: .SP-8 


Circle No. 36 on Reader Service Card 


72 


MODEL W ELECTROLYTIC 
MOISTURE ANALYZER 

Vacuum connected unit with di 
adjustable alarm units. 


@ Measuring reaction rates 
where water is involved as a 
reactant, product or catalyst. 
Available in portable, weather- 


proof, explosion-proof, auto- 
matic control and recording 


All Model W analyzers include flow indicators 
Write for complete information 


MANUFACTURERS ENGINEERING 
& EQUIPMENT CORP. 


10 Sunset Lane, Hatboro, Pa. 
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New 


Products 


Germanium Backward Diode 


New backward diodes from Philco’s 
Lansdale Division feature a very low 
forward voltage drop through utilization 
of tunneling. The devices exhibit a maxi- 
mum peak point current of 100 micro- 
amperes and a maximum forward voltage 
of 90 millivolts, at one milliampere. These 
diodes have a valley capacitance of 3.5 
micromicrofarads, a series inductance of 
1 microhenry, and a series resistance of 
3.0 ohms. The reverse breakdown voltage 
of one milliampere is 480 millivolts. The 
units are hermetically sealed in a TO-18 
package and have been designed for low 
level switching and small signal applica- 
tions with U.H.F. circuitry. Possible ap- 
plications include use of the device as 
a unidirectional coupling element in 
tunnel diode circuits and for low voltage 
clamping circuits. 

Curve tracer shows static characteristic 
curve of backward diode valves are as 
follows Horizontal = .1 volt per large 
division; Vertical = 1 milliampere per 
large division. 
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Gaseous Diffusion Furnace 


A new multi-tube gaseous diffusion 
furnace, specifically designed for the 
semiconductor industry, has been an- 
nounced by Lindberg Engineering Com- 
pany. Type G4T14-220S Furnace accom- 
modates four rectangular refractory 
tubes 214” wide by 2” high, enabling 
maximum production while occupying a 
minimum of floor space. The maximum 
continuous operating temperature is 
1300°C. Uniform zone is 6” long at plus 
or minus 2.5°C. 
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Power Supply 


Power Designs Inc., Model 4005 Tran- 
sistorized Power Supply is the first of a 
new line of universal regulated d-c 
sources which deliver constant voltage 
or constant current from the same out- 
put terminals. Covers the range of 1-40 
volts d-c at 0-500 milliamperes. Regula- 
tion for either mode of operation is bet- 
ter than .05%. Ripple content is less than 
.000 microvolts as a voltage regulator and 
less than 25 microamperes as a current 
regulator. 
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FOR THE BEST IN VACUUM PUMPS SELECT 
WELCH DUO-SEAL® 


Welch Pumps are best because: Every pump is 
triple tested. Specified performance guaranteed. quiet operating, long wearing; meticulous fac- 
Lowest cost per year of use. Highest vacuum tory inspection methods make sure that every 
of any mechanical pump. Quietest mechanical pump is perfect when it leaves the plant. 
pump made. Triple testing with McLeod gauges leaves no 
room for question on final performance. 


Rigid design requirements make these pumps 


When you buy a Duo-Seal Pump, you are buy- 
ing a pump with a reputation. Over the years 
Duo-Seal pumps have built up this reputation 
for long-life dependability, quiet operation, 
long-term adherence to original specifications. 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 
1515 Sedgewick St., Dept. SC, Chicago 10, Ill. U.S.A. 


Manufacturers of Scientific Instruments and Laboratory Apparatus 


For complete specifications, 


request our catalog. 
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NOW 
IN STOCK 
AT FACTORY 


PRICES 
Ail 
AK (IWEDEl exectronics 
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NEW SERVICE 
NOW AVAILABLE 


SEMICONDUCTOR PRODUCTS is making a new source of information ayailable to all 
firms interested in being kept up to date on materials or equipment for producing semi- 
conductor devices. If you wish to receive all new literature on silicon, germanium, chemi- 
cals, machinery, or other such materials, circle #99 on the reader-service card. Your 
name will be placed on a special list which will be forwarded to all such suppliers. As 
these suppliers have news available in their field, you'll be notified by them immediately. 
This service is restricted to firms manufacturing semiconductor devices or firms contem- 
plating entering into production within 120 days. 
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Ne 


PREMIUM QUALITY MILLED NEOPRENE 


CHARCO DRY BOX GLOVES 


PROVIDE DEPENDABLE PROTECTION 
IN CRITICAL OPERATIONS 
FLEXIBLE, FINGER SENSITIVE AND COMFORTABLE 
PROUD RECORDS OF RELIABLE PERFORMANCE BY CHARCO DRY BOX GLOVES HAVE BEEN 


MADE-IN THIS COUNTRY AND ABROAD, IN MAJOR ATOMIC ENERGY INSTALLATIONS: 
ALSO IN BIOLOGICAL AND INDUSTRIAL RESEARCH. 


PREMIUM QUALITY, ALL MILLED NEOPRENE. THESE GLOVES 
: ARE OIL, CHEMICAL AND OZONE RESISTANT. THEY CONFORM 
TO REQUIREMENTS OF ARGONNE NATIONAL LABORATORY 
SPECIFICATIONS PF-1-b-(Rev. 6). 


| CHARCO 
| BAD BAR 


SEAMLESS, LEAD-LOADED, MILLED NEOPRENE ARE OF A 

: DENSITY OF 3.95 GRAMS PER CUBIC CENTIMETER. UNDER 
ACTUAL TESTS THESE GLOVES HAVE BEEN PROVEN TO SHIELD 
OUT SOFT GAMMA RAYS MORE THAN 85%. 


EACH DRY BOX GLOVE IS 
HIGH VOLTAGE TESTED 


WRITE FOR BROCHURE AND 


CHARLESTON 


RUBBER COMPANY 


53 STARK INDUSTRIAL PARK CHARLESTON, SOUTH CAROLINA 


Circle No. 40 on Reader Service Card 


WE 
MAKE 
ALL 
KINDS 
OF 
BOXES 


(Specializing in 
Stainless Stee/) 


* Here's the real “inside dope’ and 
we're not referring to the happy 
young fellow portrayed above. and 
(He’s not even a member of our 


dustry. Our experience and facil- 
ities qualify us to custom design 


manufacture, or assemble 
from. stock, any of the following 


organization) 

We are a division of Kewaunee 
Manufacturing Co., specializing in 
engineering and production of 
highly technical equipment and 
apparatus for research and _ in- 


For complete information, 
call or write 


types of enclosures: glove, vacuum 
and dry boxes; dust free enclo- 
sures; and controlled atmosphere 
systems. 

That’s why we readily say, “We 
make all kinds of boxes.” 


KEWAUNEE 
SCIENTIFIC 
EQUIPMENT 


ADRIAN, 
MICHIGAN 


4019 Logan Street 
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Silicon Cartridge Rectifiers 


General Instrument Semiconduc 
Division announces the availability ox 
standard line of high voltage sili: 
cartridge rectifiers covering 600 PIV’ 
16,000 PIV. Designed for high voliy 
and high current applications, these kr 
reliability cartridges are of rugged ¢ 
struction, available with axial le 
mounting or standard 30 amp fuse c 
mounting. Both types feature all-weld 
component connections in shatterpr: 
cases with ultra-high dielectric strenj 
and are highly resistant to extreme mc 
ture, shock, vibration and accelerati: 
Average rectified current ratings ran 
up to 250 ma @ 25° C. with maxim 
surge current ratings of greater than | 
amps for 8 milliseconds. Operating te 
peratures are —55°C. to -+150°C. AS 
available on request are special caz 
ridges for voltages up to 21,000 PIV wx 
reverse leakage as low as 0.02 microar 
@ 25°C. 
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Diode Tester & Accessory 
Crosby-Teletronics Corp. has develop 
a high quality diode tester for measurit 
the static characteristcis of germanium 
and low-power selenium, diodes. Offer 
as an accessory unit is a Millimicro 
meter, which will measure the low 1 
verse currents of silicon diodes. Moc 
DT-257 has separate forward and rever! 
power supplies having continuously va 
able outputs or pre-set regulated reve 
potentials which permit complete mez 
urements or checks at selected operati: 
points. The accessory, Model MA-259, ey 
be used to extend the minimum fi 
scale range of 50 microamperes for t’ 
Diode Tester to 0.01 microamperes. 
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Miniature Batch Ovens 


Compact bench model design of Blue 
Miniature Batch Ovens, permits increase 
production in allocated work area wi. 
accurate, stable performance. Inside di 
mensions: 19”W. x 18”’H. x 1714”D. Ove: 
all dimensions: 29’W. x 43”H. x 30”] 
Temperature Range: 100°F. to 500°! 
(260°C.) Straight-Line control derive 
from Saturable Power Reactor Contr 
System without contacts, moving par 
or auxiliary mechanisms to wear, bul 
or are. There are no transient voltage 
due to arcing contacts. | 
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Silicon Diode 


FYE AL UM TUNNEL DIODE CHARACTERISHC 


Development of a new silicon diode 
Was announced by the Semiconductor 
Division of Hoffman Electronics Corpora- 
tion. Called the “Uni-Tunnel” diode, the 
new device combines high efficiency per- 
formance at low voltage levels with ex- 
treme temperature stability over a wide 
temperature range. The diode is ideal for 
application in computer logic, modula- 
tors, detectors, choppers; virtually any 


circuit requiring low-level, high con- | 


ductance performance and extreme tem- 
perature stability. It is especially suited 


for complementing tunnel diode circuitry. | 
The unit is designed to operate over a | 


temperature range of from —85°C. to 
+200°C. 
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Solid Tantalum Capacitors 


TSP+2 4 T3P~2 


Availability of new TSP1 and TSP2 | 
small size premium 50-volt d-c solid | 


electrolyte tantalum capacitors from U.S. 
Semiconductor Products has been an- 
nounced. TSP1: Case size .125” diameter 
and .250” length, capacitance MFD 0.82 
to 0.33 for 50 volts d-c at 85°C, approxi- 


mate weight 0.5 grams. Tolerance +10%. | 


TSP2: Case size .172” diameter and .438” 


length, capacitance MFD 5.6 to 2.2 for 50 | 
volts d-c at 85°C, approximate weight 1.2 | 
grams. Tolerance +10%. Both sizes are | 


available with or without sleeving; her- 
metically sealed containers enclose the 
tantalum pellet. 
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All-Purpose Silicon Diode 


Rheem 1N661A all-purpose silicon diode | 


combines the low leakage specifications 
of the best “general purpose” types with 
the switching speed of the best ‘“com- 
puter” types. At 200V it features maxi- 
mum reverse leakage of 0.025,,A at +25°C., 
1.0,A at +100°C. and 5.0\,A leakage at 
+150°C. Recovery time is 0.3 microseconds 
to 400 Kohms under the difficult switch- 
ing conditions of +30mA to —35V in the 
JAN 256 circuit. 
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NO an e NO STIRRERS! 
100% WORKING SPACE © WIDE RANGE OF TEMPERATURES 


crear SOON ND 


Vn A RAR ASSAM ES 


eescncroinechh ree 


/ Magni-Whirl Baths OBSOLETE con- 
wi ventional baths using motors and 
which allow only a partial working 
space, 

/ Magni-Whirl Baths have built-in auto- 
Yow: matic stirring and circulating systems 
for maximum uniformity and superior 
results, Magnetic pumping action gives automatic 
gentle agitation in all areas of bath—irrespective of 
work load. 


Magni-Whirl Baths available for 
ALL NEEDS — COMPETITIVELY PRICED 


© Utility Water Baths (100°C.) 

@ Visibility Jar Baths (70° and 100°C.} 
© Utility Oil Baths (180° and 260°C,) 
© Refrigerated Baths (0° to +100°C.) 
@ Super-sensitive Baths (100°C.) 

© Hydrometer Jar Baths (70°C.} 


rk Aer © MORE CONVENIENT © SAVES COST AND TIME © MORE EFFICIENT 


BLUE M ELECTRIC CO. 138th and cHATHAM ST. BLUE ISLAND, ILL. 


Manufacturers of ovens, furnaces and related temperature control equipment. 
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THERMOELECTRIC 
PROBE Mode! te-1 


SUITABLE FOR: 


1. Type testing of semiconductors and 
metals. : 

. Detection of P-N junctions in semicon- 
ductors. 

3. The measurement of relative thermoelec- 
tric power of semiconductors and all 
metals. 


Nn 


Consists of a sensitive galyanometer, a cold base, a hot 


PRICE 


$9 500° 


Delivery: 30 days. 


point and a variable dc attenuator. 
The base can be removed and an additional cold point can 
be added. 


The sensitivity is adequate even for metals with low ther- 


a 
moelectric power. 

The sensitivity is adjustable and limits can be set for pro- WRITE 
duction testing of materials or for comparison of various FOR 


thermoelectric materials. 


COMPLETE 
INFORMATION 


This thermoelectric probe can be a very useful tool in both 


production and experimental work. 


lectr0 IMPULSE LABORATORY INC. 


208 RIVER STREET ¢ RED BANK, NEW JERSEY 
Phone: SHadyside 1-0404 
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HERBERT W. WESTEREN, 

Assistant Director of Hayes | 
Research and Development 
Group, tells about the... 


“VACUUM AGE” 
OF HEAT TREATING 


A major New York manufacturer 
of aircraft equipment recently re- % 
ported their Hayes Vacu-Master & 
Cold Wall Furnace was paying off 
in many ways —‘providing rapid 
cycling, simplified work handling, x 
My and complete production flexibility. 
Additionally, the vacuum furnace 2: 
e, has eliminated need for atmosphere *; 
t: equipment .. . and produced work >. 
*% (stainless steel brazing) of maxi- :* 
“4; mum _ strength 
*: and finest grain 
Site ueethusier 
Best of all, Its, 
economic ! p 


Similar Success Stories come to 
us from other users of Hayes Fur- 
naces. Successful heat treating of 
“exotic” metals (tan- 
talum, titanium, nio- 
bium, etc.) in the 2600 
to 4500°F range. Suc- 
cessful sintering, hard- 
ening, annealing, and 
degassing at high pro- 
duction rates. Success 
stories all around! 


The “Universal Atmosphere” 
has Universal Applications 
-. Unlike other “atmospheres,” vac- 
uum has virtually no job limita- 


¢ 
< tions. Here’s where the ingenuity of *% 
*% Hayes development ,»———. % 
®, engineers comes 2) 
a into play. By coor- oY 


Se, 


ot 


dinating furnace 
design with job : 

requirements .. . and by PROVING 
RESULTS in the Hayes lab... Hayes 


OTe 


wey 


vacuum furnace engineers assure 
the customer a “RESULTS GUARAN- 
TEED” installation every time. I’d 
4 like to invite you to advance your 
heating into the “vacuum age”... & 
with HAYES! 0 
Write for vacuum Bulletin 5709A. 


C. 1. HAYES, inc. 


Estoblished 1905 


847 WELLINGTON AVE. «© CRANSTON 10, R. 1. 
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Contact Protection Devices 


XS 


os . oh 

Designed to solve the problem of de- 
structive arcing due to inductive voltage 
surges at contact points, new contact 
protection units which will extend the 
life of a contact up to 100 times that of 
an unprotected contact, have been de- 
veloped by Radio Receptor Company 
(Selenium Division), subsidiary of Gen- 
eral Instrument Corporation. They are 
available with pigtail leads, in encap- 
sulated or tubular construction. The new 
units will serve all relays operating up 
to 40 times per second and which draw 
up to 200 ma operation current at 130 
volts a-c or 250 ma at 154 volts d-c, 
ratings based on operation in an ambient 
temperature of 35°C. 

Circle 112 on Reader Service Card 


Gold Alloy Preforms 


A complete line of gold alloy preforms, 
available in discs, washers, and spheres, 
is now available to the semiconductor 
industry from Accurate Specialties, Co., 
Inc. They are used in two basic semi- 
conductor applications: 1) as a joining 
material to produce an ohmic junction; 
and 2) when doped with N or P type 
elements, as an alloy junction material. 
The company also offers the gold alloys 
for alloy junction processes in the manu- 
facture of diodes, rectifiers, and tran- 
sistors. 
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Silicon Power Rectifiers 


Combining a high forward current 
rating of 400 ma with such small size 
that 200 of these units occupy only 1 cu. 
inch of volume, this new series of econ- 
omy subminiature silicon rectifiers utilize 
the unique International Rectifier ‘Tri- 
Seal’ construction assuring high reliabil- 
ity in environmental extremes. Electrical 
specifications include reverse leakages of 
only 1 ua at rated PRV at 29°C) amaxi- 
mum voltage drop of 1 volt at rated 
current, and surge current capabilities 
of 3 amperes over the operating tempera- 
ture range from —65°C. to +130°C. 
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AVAILABLE NOW! 


BOUND VOLUME 


2n 


Conference on Nuclear R 


Proceedings of the 


diation Effects on Semico 
ductor Devices, Material: 


and Circuits. 


Limited Edition of this 


Once-A-Year Symposium 


AVOID DISAPPOINTMENT — OR} 
DER YOUR COPIES NOW! Con; 
tains 23 Papers, Complete Wit 
Illustrations, by the Foremos# 
Authorities in the Field. Don’ 


Miss Out on This Invaluable Ins 


formation — Only $4.50 a Copy; 


nn eee eee eee eee 


SCP-8: 


Semiconductor Products, 
Dept. MG 


300 West 43rd Street, 
New York 36, N. Y. 


Send oe nare copylies) of ‘Proceedings © 
$4.50 each. 

Nemes acces bisere oe Seu wre ee oisun ener eee 
City in es hres Zone. .:+. State >. somes 


New York residents, add 3% sales tax 


Remitiance Enclosed ..... Bill Compony ....., 
Bill me ..... | 
Company. 220i tet ote ee 
Addiiess: i 5 nc eithe Ses od ste tac ves aes ot 
Cidyiree py aie vers Zone State’ .=. 4 
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‘wer Transistor Series 


Silicon Transistor Corp. has announced 
pes 2N1067, 2N1068, 2N1483, 2N1484, 
1485 and 2N1486_ diffused-junction, 
p-n silicon intermediate power tran- 
stors designed for use in power switch- 
g and amplifier circuits. Temperature 
nge is from —65°C. to +175°C. Power 
ssipation at mounting flange tempera- 
re of 25°C. is 15 watts. The collector is 
electrical contact with the base. 
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hermoelectric Experimental Kit 


An experimental kit, especially de- 
eed for the study of basic thermoelec- 
ic principles, was announced recently 
y General Thermoelectric Corporation. 
he basic unit in the kit is a thermo- 
ectric module known as a Frigistor, 
msisting of eight thermocouples fabri- 
ited from Neelium, a new semiconduc- 
4 material. The module can be used in 
pplications such as modifying existing 
roducts or designing new devices cen- 
red around thermoelectric heating or 
soling. The kit contains all of the neces- 
wy tools for thermoelectric cooling ex- 
erimentation. 
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Itrasonic Soldering Iron 


One of many assembly lines of skilled 
operators employing AO CYCLOPTIC 
Stereoscopic Microscopes to assemble ad- 
vanced germanium computer transistors 
at Texas Instruments vast Semiconductor 
—Components division in Dallas, Texas. 


Development of a new eight-ounce 10- 
ratt ultrasonic soldering iron, capable 
f soldering a wide range of materials 
ithout flux, was announced by the 
ibro-Ceramics Division, Gulton Indus- 
ies, Inc. It is ideal for soldering semi- 
mnductcr materials as well as metals 
ich as aluminum, magnesium and their 
loys, especially those characterized by 
ery rapid surface oxidation. The new 
nit, Model S-10, completely eliminates 
irface pre-treatment as well as post- 
eaning to remove flux. Operates on 
ermal 115-volt, 60-cycle power. 
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igh Voltage Silicon Rectifiers 

Ten new very high voltage silicon 
sctifiers are announced by Pacific Semi- 
mnductors, Inc. The new types, 1N3052 
rough 1N3061 are rated at 12,000 to 
000 volts respectively and are of the 
Wire-in”’ coaxial lead configuration. All 
mes are one haif inch in diameter and 
inge from four to eight inches in 
ngth according to voltage. With an elec- 
ically “cold” non-metallic case the units 
*e easily mounted and special heat sinks 
-e unnecessary to obtain published 
tings. No voltage derating is required 
ato 175°C, 
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iffused Silicon Diodes 


A new line of reliable diffused silicon 
iodes has been announced by CBS 
lectronics. The fast recovery types 
N625-7N629, provide 400,000 ohms in 1.0 
sec. High conductance types 1N482- 


American Optical 


Here’s how Texas Instruments 


mass produces precision transistors 


with AO’s CYCLOPTIC Microscope 


Precision assembly of minute components for transistor production offers no 
problem to the skilled workers at Texas Instruments. Using the AO CYCLOPTIC 
Stereoscopic Microscope, material that is practically invisible to the eye assumes 
accurately magnified proportions...the entire assembly operation is observed in 
crisp, erect, three-dimensional detail. 

Bright, shadowless lighting is beamed deep inside the small unit apertures 
with AO’s exclusive Vertical Illuminator attachment. The instrument's remarkable 
long working distance assures the operator of complete freedom of movement and 
affords ample room to accommodate larger objects and assembly tools. 

With the instrument body inclined at a 30° angle, the operator can work in a 
natural, more comfortable position, 

When manufacturing small precision assemblies...many progressive com- 
panies such as TI, depend upon the AO CYCLOPTIC to render the unit in visual 
“working size” dimensions. 

If you have a particular production situation that 3-D magnification would 
help, why not discuss it with a capable AO Sales Representative. He can recom- 
mend the AO CYCLOPTIC Stereoscopic Microscope that will certainly solve 
your individual problem. There is no obligation, of course. 


Dept: H266 


strate the AO CYCLOPTIC Microscope. 


(1) Please have AO Sales Representative demon- 


1) Please send AO CYCLOPTIC Brochure SB56. 


N485 feature a maximum average for- : 

ard current of 100 mA at 1.1 volts. : om all NAME J____________ 
ugged construction of these diodes pro- | inh ; ADDRESS____— u s 
des resistance to shock and vibration | CITY. ZONE ___ STATE 


<ceeding MIL-STD. 202A. 
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INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 
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A large semi-conductor manufacturer 
<q gets high quality, mass production with 
these two silicon cell diffusion furnaces. 
Heating chambers have two-inch inside 
diameter and are 20 inches long. 


A 


A special Hevi-Duty tube furnace 
has proved successful in the produc- 
tion of Mesa Transistors. It offers 
six separate temperature zones, 
three in the preheat and three in 
the high-heat chamber. 


A Hevi-Duty furnace assembly de- 
signed for the alloying of transistors. 
It has a preheat furnace, which 
operates to 2200° F. and a high-heat 
furnace to operate to 2600° F. It is 
shipped as a complete unit with an. 
automatic saturable reactor temper- 
ae control system built into the 
ase. 


Through These Furnaces Pass The Finest 
Transistors and Semi-Conductors Made 


Precise temperature selection and control . . . excellent uniformity .. . 
multiple-zone heating — these factors account for the consistently high 
quality of transistors and semi-conductors processed in Hevi-Duty furnaces. 

Standard units are available with maximum temperature ranges of 1850° F., 
2200° F. and 2600° F. There is also a wide choice of styles — each designed to 


give you lab-accurate results on a mass production basis. All furnaces are 
noted for durability and long element life. 


Write for Bulletin 459 or send 
us your particular requirements. 


A DIVISION OF BASIC PRODUCTS CORPORATION 


HEVI-DUTY ELECTRIC COMPANY, MILWAUKEE 1, WISCONSIN 
Industrial Furnaces and Ovens, Electric and Fuel * Laboratory Furnaces « Dry Type Transformers * Constant Current Regulators 
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Resistivity Tester 

A new Resistivity Measuring Test 
for semiconductor materials has been :| 
nounced by Semimetals, Inc. Featu 
include: control on resistivity measui) 
ments to +2%; special long-life prob 
easily interchangeable heads; separi 
heads for germanium and _ silicon; 
traversing platform for long crysti 
with visual scale of travel measure; 
dividual constant pressure control 
each probe, pre-set at factory to the « 
rect “cutoff” pressure. 
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Silicon Diode Assembly ; 
A new universal silicon diode assemh 
the Vari-Stack, which features miniat 
size and a range of .3 to 4 amperes © 
100 to 1600 PIV, has been announced || 
Standard Rectifier Corp. Consists of fd! 
specially selected diodes mounted 4 
embedded in the company’s newly « 
veloped Stan-Seal. By encapsulating * 
diodes in plastic, they have met militdi 
humidity specifications. Weighs approx 
mately % oz. and measures 1 7/16 
11/16 by 9/16 inches. The twelve 
popular rectifier configurations can 
achieved by arrangement of the dioc 
and the interconnection of the leads. 
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Ceramic Insulated Assemblies 


Ceramics for Industry Corporation 1 
made available a new CFI Body Ser® 
696 ceramic for use in a variety of i 
sulated diode base assemblies. The Ser® 
possesses a minimum Alumina conte 
of 97%. The basically finer grain of tk 
new ceramic formulation results in ir 
proved thermal conductivity in insulatw 
base assemblies. Because of its high: 
tensile strength, this ceramic contribut 
to strip test values that consistent 
register 50% greater than product spec 
fications require. 
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High Speed Switching Transistor 


A p-n-p germanium alloy switchiz 
transistor designed for high speed cor 
puter applications has been announe: 
by Sylvania Electric Products Inc. T! 
new device (Type 2N404A) is interchang 
able with its military prototype (2N40 
but excels it in voltage, current and he 
characteristics. Maximum Ratings 
25°C: Collector to Base Voltage 40 vol 
Junction Temperature 100°C, Collect 
Current 200 ma, Power Dissipation 150m 
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Carbon Graphite 


Carbon molds of Morganite Link E 
808 material have proven highly succes 
ful for the production of hermetic glas 
to-metal seals. Jigs made of this carb 
have demonstrated their ability to wit 
stand high temperatures and mechanic 
abrasion during removal in continuo 
production operations. Dimensional a 
curacy is retained by these molds as th 
grade of material features structural un 
formity. 
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“hin Sectioning Machine 


“A cut-off machine capable of slicing 
‘emiconductor samples as thin as 0.005” 
available from Will Corporation. An 
‘mportant feature of the machine is its 
ibility to cut nearly plano-parallel sec- 
fons which are immediately ready for 
‘xamination; rarely require final polish- 
ng. Samples are embedded in plastic and 
jecured to a movable motor-driven stage 
issembly. Once positioned, the sample is 
wutomatically advanced, at a constant 
speed, through a perfectly balanced dia- 
nond-edged wheel rotating at 6500 
2.P.M.’s. Sections as thin as 35 microns 
we sheared off evenly, without flaking, 
ind in most cases are ready for direct 
nounting. 
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Ultrasonic Cleaner 


A completely new, entirely self-con- 
ained ultrasonic cleaner, called the 
Jitra-Cleen ‘320,’ has been introduced by 
he L & R Manufacturing Company. Two 
me-quart tanks are built into the gen- 
ator body enabling a newly-designed 
lectronic circuit to transmit ultrasonic 
ower directly from the generator to the 
ransducerized tank. The second tank is 
or the rinse operation. The unit~has 
Xeen designed to clean at high speeds, 
vith a minimum of attention. A new 
lectrical timer controls the cleaning 
yyele and turns off the current after a 
yre-specified period. Operating frequency 
s 70-80 k.c.; power consumed is 160 
watts; power output is 55 watts. 
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ligh Temperature Vacuum Oven 


A completely new laboratory oven has 
een developed by Labline, Inc. Called the 
Super-Temp” Duo-Vac Oven, the new 
yven has a temperature range from room 
o 260°C (500°F) within an 11” diameter x 
2” deep stainless steel vacuum chamber. 
[The unit was designed specifically for 
yrocessing and testing electronic com- 
yonents where high temperatures under 
racuum often are essential. The heat- 
reated glass will withstand 400°F thermal 
hock with 30,000 pounds psi. modules 
f rupture. Screen over the glass is addi- 
ional safety factor. A special spring type 
linge keeps door closed even without 
acuum. 
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emiconductor Test Station 


Optimized Devices, Inc., Automatic 
emiconductor Test Station was devel- 
ped to meet the need for increased 
uality in production and incoming in- 
pection testing. Unit features complete- 
y automatic high speed testing with 
valuation of transistor or diode perform- 
nce accomplished by means of a pre- 
ision GO, NO-GO comparator. Selection 
f any of over 100 measurements is readi- 
y accomplished by means of modular 
omponents. 
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EACH phase 
in their manufacture 
requires precise 


Temperature Control 


by WEST 


STEPLESS Controllers (Model JSB) 
infinitely modulate electric heat. 
No on-off pulses. Prolongs heater-life, 


saves power. Exclusive manual 


switch, adjustable maximum and 
minimum input control. Tubeless. 
Compact. Least maintenance and 


operating attention required. 


PROGRAMMER (Model JSBG Stepless) 
for the most precise control of temperature- 
time cycle, integrated by simply cut 
cam. Most compact. Can also control 


secondary operation at any point in the 


time cycle. Program Controllers are also 
available with other control forms:— 
(Off-On, Proportioning, etc.) Ask your 
West representative or write direct for 


Bulletins JSB and JG. 


WEST Abernend. 


CORPORATION 


SALES OFFICES IN PRINCIPAL CITIES 


4353C W. MONTROSE, CHICAGO 41, ILL. 


British Subsidiary: : the trend is to WEST 
WEST INSTRUMENT LTD., 


52 Regent St., Brighton 1, Sussex 
Represented in Canada by Davis Automatic Controls, Ltd 
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Measurements Research Company now offers basic building blocks 
to those who wish to automate their own testing procedures — 
as well as completely designed and fabricated ‘‘turn-key”’ installa- 
tions. Typical of the MRC building blocks are the following mod- 
ules available in either portable or relay rack configurations: 


D.C. Comparators: The new model 5908 offers seven full-scale ranges, 
from .1 to 100 volts with .1°%% accuracy. Affording GO-NO-GO 
decisions on both Hi and Lo limits, the indication is by means of 
colored lights and relay contact closures. Input impedance is one 
megohm, response time is approximately 50 MS. A built-in 1% 
reference is normally used with provisions for external references 
if desired. 


D.C. Constant Current Sources: The new model 5909 furnishes 60 micro- 
amps to 20 milli-amps output at 0-100 volts. Load regulation is 
better than .1%, line regulation better than %°%. Ripple current 
less than .1%. Model 5900 offers 1 to 100 milliamps output at 0-100 
volts. New models will be announced soon to cover the higher and 
lower current ranges. 


In addition, MRC can provide in modular form equipment for any 
D.C. semiconductor test parameter normally required as well as 
A.C. modules at test frequencies up to 250 MC. ‘‘Turn-Key”’ instal- 
lations include ‘‘Hot-Tunnel’’ diode test sets, Automatic Transistor- 
Diode Test Sets, Life Test Racks and Wafer Bonding equipment. 


For laboratory use as well as low volume quality control testing 
of transistors and diodes MRC offers the new model 5906 Transistor 
Tester. This set measures Breakdown, Saturation, lebo. Icbo. hfe, 
hfb and Reachthrough. Two current supplies and one voltage supply 
furnish full scale ranges of .03 to 300 MA. and 0-100 volts. 


MEASUREMENTS ) RESEARCH. CO. ° Specialists in the solution of difficult meas- 


urement problems, MRC offers engineering 
assistance in answering your test require- 
ments. Write, wire or phone for details to 
Measurements Research Company, Castor & 
Kensington Aves., Philadelphia 24, Pa. 
JE 5-1177. 


Wewurd|| MEASUREMENTS RESEARCH 
4 COMPANY 


DIVISION OF PRUDENTIAL INDUSTRIES, INC. 
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Ultrasonic Spot Welder 


An ultrasonic spot welder with a 
high-temperature high-efficiency tra: 
ducer construction and a selftuning o 
cuit has been announced by Internatio 
Ultrasonics, Inc. The self-tuning featr 
assures weld uniformity and minimii) 
need for operator skill, by automatica; 
adjusting welding frequency to optim? 
value for the materials and thicknes: 
being joined. Especially suited for join: 
problems with such electronic comps) 
ents as semiconductors, printed cir 
boards, and foil-wound transformers «| 
capacitors. 
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Cold Traps 


A new line of Cold Traps for use wy 
high vacuum diffusion and mechani: 
pumps, featuring a new engineering « 
sign, has been introduced by Temper 
ture Engineering Corporation. Featu: 
of the trap include: large internal tre} 
ping areas and full pumping conductanr 
simplified removal of baffles and rese 
voirs for cleaning; and interchangeabil! 
of liquid nitrogen or mechanical refrige 
ation systems. 
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Hydrogen Furnace 


C. I. Hayes, Inc., has developed tyy 
BAC-12M Humpback Conveyor Furne 
for controlled brazing of components 4 
a new semiconductor product. The appr 
cation called for high-temperature bré@ 
ing under hydrogen atmosphere. Physic 
configuration of the furnace features | 
elevated heating chamber: with inclins 
loading and unloading sections. The i 
clined loading section insures positi- 
flushing and purging of the semicondu: 
tor assemblies before they enter + 
heating zone. Operating temperatures 
2050°F. are held within extremely critic 
tolerances through a saturable core r 
actor control system. 
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Portable Blendmaster 


A new economical portable resin au 
foam dispenser is now being offered | 
the Hull Corporation. Model 25-2A aut 
matically meters, mixes and dispens 
two component systems. 
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Micro-Thin Locators 


Ceramic bushings and washers wi 
wall thicknesses as thin as .007” are bei1 
used to miniaturize semiconductors. O} 
of the most difficult devices to miniatu 
ize is a silicon power rectifier. Now t 
silicon rectifier engineer can _ offer 
miniaturized device by using micro-th 
ceramic locators in his alloying proce 
Duramic Products, Inc., M120F-T micr 
thin locators are available made to pri 
in a range of diameters down to .062, wi 
wall thicknesses held to .007” and tole 
ances on ID and OD held down to pl 
or minus .001”. 
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NORTH HILLS’ 


PURRENT GOVERNOR 
Model CG-12 


Constant Current 


@ Precision Current Regulator 
© Diode Tester 


» High Current 
p Excellent ay reamed le 


For testing and measurement of 
transistors, diodes, meters, other 
current sensitive devices. 

© Current Range is 50 ma-30 amp 

@ Regulation—0.05% 

@ Voltage 0-15 
In use by leading companies for 
transistor test, diode test, calibration. 

Literature describing this and other 


constant current sources from 0.1 to 
30 amp. may be obtained from 


NORTH HILLS 


ELECTRIC COMPANY, INC 
402 SAGAMORE AVE., MINEOLA, W.Y. Ploneer 7-0555 
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ELINEX 


Confidential 
Initial Contacts 
and 
Preliminary Negotiations 


for 
Acquisitions 
Mergers 
Issues 
Financing 


Confidential Listings 


ELINEX 


Electronics Industries Exchange 
Suite 1001 
New York 38, N. Y. 


15 Maiden Lane 
WO 4-1530 


Pressurized Metal Hoods 


A line of metal dust hoods with safety 
glass view windows and built-in fluores- 
cent lighting has been developed by Air- 
Shields, Inc. Known as the Metal Micro- 
void, the units insure dust-free handling 
of semiconductors and other delicate as- 
semblies. A quiet blower at the top of 
the Metal Microvoid forces room air into 
the dust hood through a special, large- 
area filter. This highly efficient filter re- 
moves airborne dust particles down to 
0.5 micron in diameter and provides an 
internal positive pressure which effec- 
tively prevents unfiltered room air from 
entering the dust hood. 
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Pit Type Air Draw Furnace 

A new gas-fired or electrically heated 
heat treating furnace, called the Rotair, 
was recently announced by Hevi-Duty 
Electric Company. Specific applications 
are in tempering, drying, annealing as 
well as solution treatment and aging 
operations. Two temperature ranges are 
available. One range provides a maxi- 
mum temperature of 1350°F., while the 
other has a maximum range of 1700°F. 
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Oscilloscopes 


Two new dc-to-450 ke instruments from 
Tektronix, Type RM503 and Type RM504 
Oscilloscopes are rack-mounting models 
of the Type 503 and Type 504 Oscillo- 
scopes. Basic sensitivity of the Type 
RM503 is 1 mv/cm, of the Type RM504, 
5 mv/em. The rack-mounting models are 
electrically similar but mechanically re- 
arranged versions of their counterparts. 
Designed for mounting in a_ standard 
nineteen-inch rack, they will have rear- 
mounted inputs available. Dimensions are 
7” high by 19” wide by 164%” deep. 
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BACK ISSUES 
AVAILABLE 


1.00 each 


1958—Jan/Feb; March/April; 
May/June; Nov/Dec. 


1959—May, Sept, Nov, Dec. 
1960—March, April, May, June, 
July 


SEMICONDUCTOR PRODUCTS 


Back Issue Dept. 


300 W. 43 St. New York, N. Y. 
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* slippage (120°)‘star’ 


it’s all in 
knowing 
how 


HIGHER YIELD 
OF DEVICES 


with 
LOW DISLOCATION DENSITY 
SILICON AND GERMANIUM 
SINGLE CRYSTALS 
without 


CROW TRACK 
GROSS SLIPPAGE 


Rapid uncontrolled cooling of crys- 
tals during growth induces severe 
stress, which often causes these 
two common defects. The best 
‘preventive medicine’ is the experi- 
ence and knowledge of the grower 
— the “knowing how”. 


Test for ‘crow track’ 
by etching thin 
slices with a rapid 
etch. Then examine 
for cracking of ma- 
terial. The crack for- 
mation will differ 
with orientation,111 
orientation shown 


Gross slippage can 
be detected by a 
dislocation etch pit 
count. Here, the 


pattern of 111 
oriented material is 
shown. 100 oriented 
material will display 
a. 90” “cross” 
pattern. 


Our “growing” reputation, for qual- 
ity of product grown to absolute 
specifications, is based on our 
clients’ experience and knowledge 
— of us. Perhaps we can help you 
as well. 


Tang ) 


SEMICONDUCTOR MATERIALS 
ee 


TANG 
INDUSTRIES 
INC. 


49 JONES ROAD 
“WALTHAM 54, MASSACHUSETTS 
Sales Representatives Coast to Coast 
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High 
Alumina 
Ceramic 

Diode Base 
Assemblies 


New CFI Series 696 ceramic built into diode 
base assemblies—another production break- 
through from CFI’s fully integrated ceramic 
service to industry. 


The 696 Series features 97 per cent mini- 
mum Alumina content, a basically finer 
grain structure for improved thermal con- 
ductivity in diode base assemblies and 
higher tensile strength that gives strip test 
values consistently 50 per cent greater than 
product specifications call for. 


These diode base assemblies are available 
from CFI in the 696 Body in production 
quantities or as sample lots for engineering 


and quality evaluation. Use coupon below 
for free CFI data. 


Tunnel Diode Envelopes 
CFI is currently making ceramic tunnel diode 
envelope composites for manufacturers on a 
company Classified basis. We would be glad to 
work on your tunnel diode specifications and 
requirements with your engineers. 


I An Integrated Ceramics Service 


CFI Corporation | 

Department S, Cottage Place 

Mineola, New York—Ploneer 6-0571 I 
i 


Gentlemen: Please send me, without obligation, the 
following literature on CFI ceramics: 


(1) “Custom Ceramic Parts for Industry’? Brochure 
(J Semiconductor Ceramics Spec Sheet 
O Have technical representative contact me. 


Name 


Title. 


Company. 


ee 


ere ZONE State 


ee ee ee ele le al 
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New 
Literature 


Radio Receptor Company, Inc. (Sele- 
nium Division) has released a new 
bulletin, ED-298, describing their com- 
plete line of subminiature encapsulated 
selenium diodes and rectifier assemblies. 
Included are technical data, circuit de- 


signs, dimensional diagrams, coding 
schemes, and application information. 
Typical performance characteristic 


curves are also shown. 
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The power of determining the pur- 
chase price while writing the specifica- 
tions is offered to tunnel diode users by 
Sperry Semiconductor Division. Based 
upon a price and specification graph, the 
electronic engineer may chart an almost 
infinite variety of parameter combina- 
tions and simultaneously determine the 
various selling prices which apply to 
these combinations. Principal specifica- 
tions are shown by three curves on the 
graph that indicate peak current, peak 
current tolerance and peak to valley 
ratio. The engineer may select the para- 
meters he desires in a tunnel diode by 
marking them along the curves. Then by 
use of a formula he determines the sell- 
ing price of the unit in quantities from 
A to. 99: 
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Sprague Products Company has issued 
a 4 page folder describing their Model 
TCA-1 Transcap Capacitor Analyzer, de- 
signed exclusively for testing transistor 
circuit capacitors. Gives specifications, 
lists features, price, etc. 
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A new brochure illustrates and de- 
scribes D.A.T.A.’s Transistor Characteris- 
tics Tabulation, a comprehensive digest 
of the world’s transistors, completely 
updated twice a year with a supplement 
between complete editions. The free 
brochure also includes a Transistor Con- 
version Chart for convenient reference. 
Derivation. And Tabulation Associates, 
95 Harrison Ave., West Orange, N. J. 

Circle 168 on Reader Service Card 


Labline, Inc., offers literature de- 
scribing their Duo-Vac Ovens. Catalog 
No. 3620 gives complete information on 
their High Temperature Model including 
range, size, price, etc. 
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Tektronix, Inc. 4-page pamphlet gives 
a detailed presentation of the new tran- 
sistorized, battery-operated, portable, 
Type 321 Oscilloscope. The pamphlet 
includes specifications, block diagram, 
and performance details of the 3-inch 
oscilloscope. 
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A new bulletin describing its lumped 
constant, phase and frequency compen- 


| sated Delay Lines is available from Allen 


Avionics, Inc. The Delay Lines listed 
utilize sub-miniature inductors and tem- 
perature compensating capacitors to as- 
sure minimum change in electrical char- 
acteristics over the temperature range. 
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THERE’S A 
BETTER 
WAY... 


Although ice cubes can be used , 
keep transistors cool enough to o¢ 
erate at full rated load, there az 
those who maintain that ice cubl 
serve a better purpose in a long ec 
drink. This is the school of thoug: 
that leans toward Birtcher Hex 
Radiators for preventing therm 
runaway and for getting maximi 
performance from semiconductor © 
vices. If you would like to investig 
before choosing sides in this me 
write for the Birtcher Transist 
Radiator Catalog...it comes con 
plete with all sorts of test repor 
and other technical looking papex 
Address your inquiry to: Chart 
F. Booher, Secretary, There’s : 
Better Way Society of America, In 


THE BIRTCHER 
CORPORATION 


Industrial Division 


4371 Valley Boulevard 
Los Angeles 32, California: 


Sizes available for every common 
used transistor. If we don’t have wh 
you want, we'll probably make one. 


Cool! 

Write for 

new Transistor 
Radiator Catalog 


24) 
BIRICHER [pte (feasted 
Devices 
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KANTHAL ceramic tube elements 
World renowned Kanthal A-1 alloy (Fe, Cr, Co, Al) 
ceramic embedded in six, standard, ready-to-mount 
sizes for intermittent temperatures to 2460°F: 


Type Rating Volts Resist- Inside *Heating List 
No. Max. Max. ance Dia. Length Price 


REH-4-30 800 W. 0.26 1-9/16" 7-7/8" $32.94 
REH-4-60 1200 W. 0.65 1-9/16" 19-3/4” $54.32 
REH-7-30 1200 W. 0.44 2-3/4" 7-7/8" $38.21 
REH-7-60 1800 W. 1.05 2-3/4” 19-3/4" $73.47 
REH-10-30 1800 W. 0.59 4” 7-7/8" $39.61 
REH-10-60 2500 W. 1.44 4” 19-3/4” $76.48 


* Std. units can be arranged in series to provide a variety 
of heating lengths. 

Ceramic mounting parts for above elements as well 

as complete laboratory furnaces also available. 


THE KA Mi TH A L CORPORATION 


19 Amelia Pl., Stamford, Conn. 
Can. Rep., Ferro Enamels, Ont., Can. 
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PERECO 
gas tight 
TUBE 
FURNACE 


for 
precision control 


of 


temperatures 


up to 2800° F 
This model of the ‘’MT” series Pereco Gas- 
Tight Electric Tube Furnace incorporates a 5” 
1.D. impervious Mullite tube. Silicon-carbide 
heating elements are positioned perpendicular 
fo, and over and under, the tube. These 
elements are divided into three separately 
controlled banks, each with its own trans- 
former and 36 taps (fine to coarse) to pro- 
vide for wide range, precision power input 
control of the 30” long hot zone. 


Gasketed metallic seals at both ends of the 
tube insure gas-tight closure. Loading end of 
tube provides a preheat zone. Unloading end 
has a water-cooled jacket and provision for 
connecting a vacuum system for drawing a 
Vacuum in the tube for gas-free atmosphere. 
Unit’s overall length is 60”. Case is rein- 
forced. welded steel with super-duty, graded 
insulation, 


Also 
Available 
Kanthal - Super 
Element equipped 
Pereco Furnaces 
and Kilns for con- 
tinuous operation 
at temperatures 
up to 2950° F in 
Available in other sizes or modifications. oxidizing atmos- 
Write. 


Standard and Special Units 
450° to 5000° F. 


PERENY EQUIPMENT CO., INC. 


Dept. M, 893 Chambers Rd., Columbus 12, Ohio 
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NEVER 
BEFORE 


¥ 
} Rage 


Accurately coats diodes and small components 
of varying lengths with sprayable materials at 

a rate of up to 12,000 per hour, depending on the 
coating requirements and size of the components. 


The machine will apply a light-tight seal for 
diodes, a base coat for color banding and labeling, 
or clear coating that protects the designations. 


The coating is applied only to the desired 
portions of the diodes, capacitors, fuses, resistors, 
etc. Therefore there is no coating to interfere 
with soldering or other manufacturing processes. 


Automation is practical, inasmuch as the 
coating material is confined by remote masking, 
not mechanical means, thus ELIMINATING 
THE NEED OF SPRAY MASKS, REGISTERING 
DEVICES, AND MASK CLEANING 
OPERATIONS. The machine can be used in 
conjunction with a lead straightener, and 
orienting and testing machine, and can be 
adapted to fit individual requirements. 


CORPORATION 
315 TOLEDO FACTORIES BUILDING 
TOLEDO 2, OHIO 
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Phone CHerry 8-3518 


YOUR SEMICONDUCTORS 


Gold Wire 
of 


Semiconductor 


Purity 

to as small as 
.0004— 
specially 
engineered 
for thermal 


compression 


bonding 


Write for data on your specific needs. 


SECON METALS CORP. <eeom 


7 Intervale St., White Plains, N.Y. 
WHite Plains 9-4757 
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Personnel Notes (from page 84) 


Two new marketing managerial ap- 
pointments have been announced by the 
Semiconductor Division of Hoffman 
Electronics Corporation. A. C. Werner, 
Jr.. has been appointed general sales 
manager for the division, and Jan Black 
has been named transistor product mar- 
keting manager. Both will be head- 
quartered in El Monte, Calif. 


Dr. Harper Q. North has been re- 
elected President of Pacific Semiconduc- 
tors, Inc. by the Board of Directors of 
the Thompson Ramo Wooldridge, Inc. 
subsidiary. Lawrence T. Lindgren, Dr. 
John W. Peterson and Sidney L. Spiegel 
were newly elected as vice presidents, 
respectively, of manufacturing, research 
and development, and marketing. 


Dr. Henry T. Minden has been ap- 
pointed a physicist at the General Elec- 
tric Advanced Semiconductor Laboratory 
at Electronics Park, Syracuse, N.Y. The 
announcement was made by Dr. H. M. 
Sullivan, manager of the laboratory, who 
said Dr. Minden will be engaged in: re- 
search on new materials in semicon- 
ductors. 


The Semicenductor Division of Sylva- 
nia Electric Products Inc. has announced 
the appointment of William D. Hogan to 
the newly created post of manager of 
field engineering. Mr. Hogan has been 
section head in charge of field engineer- 
ing since 1958. He joined Sylvania in 
1950 as a junior engineer in the division’s 
Engineering Test Laboratory in Boston. 


Dr. Harry Sello, formerly head of the 
preproduction engineering section at 
Fairchild Semiconductor Corporation, 
and Charles T. Plough, a device engineer 
in that section, have been promoted re- 
cently. Dr. Sello is head of the newly 
organized process engineering depart- 
ment. Mr. Plough has taken over Dr. 
Sello’s former duties. 


Dr. Wolfgang W. Gaertner, well known 
authority in the field of semiconductor 
materials and devices, has joined the 
staff of CBS Laboratories as Manager of 
Electronic Semiconductor Research and 
Development. The announcement was 
made by Dr. Peter C. Goldmark, Presi- 
dent and Director of Research of CBS 
Laboratories. 


The appointment of G. William De 
Sousa as Marketing Manager of Sperry 
Semiconductor Division, Sperry Rand 
Corporation, has been announced by Dr. 
W. R. Sittner, General Manager of the 
Division. Formerly Vice President in 
charge of Marketing in the Semiconduc- 
tor Division at Hoffman Electronics Cor- 
poration, Mr. De Sousa has a 21-year 
sales and marketing background in the 
field of electronics. 


Robert C. Sprague, chairman of the 
board of the Sprague Electric Company, 
has been elected a fellow of the Ameri- 
can Academy of Arts and Sciences. The 
180-year-old academy lists among its 
members about 1500 distinguished intel- 
lectual leaders in various fields. Mr. 
Sprague was one of 115 new fellows 
elected this year. Mr. Sprague, who 
founded Sprague Electric 34 years ago, 
is a graduate of the U. S. Naval Acad- 
emy and holds a master’s degree from 
Massachusetts Institute of Technology. 
He is chairman of the board of the Fed- 
eral Reserve Bank of Boston. 


Tempcor Mode! : 


THERMOCOUPLE 
VACUUM GAUGE | 


For continuous pressure measurez 
in the micron range. 
HIGHLY ACCURATE 
TEMPERATURE CHANGE COM 
SATED 
TUBES COMPLETELY INTERCHA 
ABLE 
DIRECTLY HEATED NOBLE MB& 
THERMOPILES 


The meter is scaled for direct rea: 
in microns of mercury with a rang 
1,000 to 0. 


Overall dimensions 8” wide x 614” « 
x 714” high and weighs only 8 lbs. | 


This unit is available in one, two 
three stations. 


For more information write . . 


TEMPERATURE 
ENGINEERING 
CORPORATION 100 Union Landine 


Riverton, N. J. 
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NEW TRAK® 


TUNNEL DIODE 


CURVE TRACE! 


Ma 


2” x 3%" x4 


the TRAK Curve Tracer presents 
current-voltage characteristics of tum 
diodes continuously throughout the m 
ative resistance region. 


Plug-in adapter serves present tun 
diodes, and others will be made for r 
packages or electrical characteristics; 
One range switch controls vertical defl 
tion signal and another the horizon 
sweep voltage from 0 to 1% volts. Po 
source: 115v 60 cycle. | 


ORDER NOW— $47.50 


or write for tech data to: 


TRAK 
57 Danbury Road 
Wilton, Connecticut 
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TRAK ELECTRONICS COMF 
Div. of CGS Laboratories, | 
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Specify 


for 


2N327A 
2N328A 
2N329A 
2N330A 


SILICON 
PNP TRANSISTORS 


a ol ie 
_— 
New low levels of I.,; 
baked at 200°C for 


200 hours for 
utmost stability. 


Specify Sperry through 
AVNET 


exclusive Sperry 
Distributor East of the 
Rockies. 

Factory Prices, for 
quantities 1-999 


Call your 
Avnet 
Applications 
Engineer 


For dependable service 


and immediate delivery * 


AVNET 


*AVNET+70 State St., Westbury, N.Y.-ED 3-5800 
AVNET +45 Winn St., Burlington, Mass.-BR 2-3060 
AVNET+4180 Kettering Blvd., Dayton 39, Ohio-AX 8-1458 
AVNET +2728 N. Mannheim Rd., Melrose Park, III.-GL5-8160 
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LAFAYETTE 


THE LEADING AUTHORIZED 
DISTRIBUTOR OF 


MOTOROLA 


Semiconductor Products 


OFF-THE-SHELF DELIVERY 
of the NEW 2N741, 2N1561, 2N1562 
Mesa Transistors and the Complete 


Line of. ... 


MOTOROLA 
DIODES, 


TRANSISTORS, 
RECTIFIERS 
AT FACTORY PRICES— 


IT’S LAFAYETTE RADIO 


“Your One-Stop Semiconductor Shopping Center” 
ir in! nh 
wWilas 
LAFAYETTE 


SEMICONDUCTOR 
DIRECTORY 


The most important 36 pages in semiconductor history— 
specifications and prices of all major manufacturers. Send 
for your FREE copy today. Write to Dept. SPH-6 at any of the 
addresses below. 


INDUSTRIAL 
GPOE ALY SELES cecironics 


RA DI O DIVISIONS 


“ENTERPRISE” NUMBERS IN MAJOR CITIES 
y i 


NEW YORK 


100 SIXTH AVENUE 
NEW YORK 13, N. Y. 
WORTH 6-5300 
TWX: NY 1-648 


JAMAICA 


165-08 LIBERTY AVE. 
JAMAICA 33, N. Y. 
AXTEL 1-7000 
TWX: NY 4-933 


BOSTON 


110 FEDERAL ST. 

BOSTON 10, MASS. 
HUBBARD 2-7850 
TWX: BS-447U 


NEWARK 


24 CENTRAL AVE. 
NEWARK 2, N. J. 
MARKET 2-1661 


PLAINFIELD 


139 W. 2nd ST. 
PLAINFIELD, N. J. 
PLAINFIELD 6.4718 
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good reasons for letting 


KNAPIC grow your 


Sean 


Silicon Crystals 


KNAPIC specializes in Silicon and Germanium Crystals 
yr Semiconductor, Solar Cell and Infrared uses 


jor manufacturers of semiconductor devices have found yr i 
it Knapic Electro-Physics, Inc. can provide production 
antities of highest quality silicon and germanium mono- 
stals far quicker, more economically, and to much tighter 
cifications than they can produce themselves. 


Dislocation density, Knapic silicon 
monocrystals grown by a modified 
Czochralski technique: Crystal 
diameter to %”—None; %” to %*”— 
less than 10 per sq. cm.; %” to 
1%"—less than 100 per sq. cm.; 

1%" to 2” less than 1000 per sq. cm, 


e reason? Knapic Electro-Physics are specialists with ac- 
erated experience in growing new materials to specification. 


1y not let us grow your crystals too? 


Check These Advantages 


2mely low dislocation densities. 


t horizontal and vertical resistivity tolerances. 


® 
eters from 1/,” to 2”. Wt. to 250 grams per crystal. Individual crystal lengths to 10”. pic Electro-Physics, Ine. 


Oxygen content 1x 10'7 per cc., 1x 10'¢ for special Knapic small diameter material. f 

ng subject to customer specification, usually boron for P type, phosphorous for N type. 936-40 Industrial Ave., Palo Alto, Calif. « Phone DAvenport 1-5544 
imes: 1 to 15 ohm cm.—over 50 microseconds; 15 to 100 ohm cm.—over 100 micro- SALES OFFICES: 
nds; 100 to 1000 ohm cm.—over 300 microseconds. Special Knapic small diameter pcsgrg gs Lexington Avenue, New York, N. Y. ° 
rial over 1000 microseconds. 


Phone YUkon 6-0360 
Western—204 South Beverly Dr., Beverly Hills, Calif. ¢ Phone CRestview 6-7175 


Spe cific ation Sheets Available European— #2 Prins Frederick Hendriklaan, Naarden, Holland ¢ Phone K 2959-8988 
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AVAILABLE NOW 
IN MASS © 
PRODUCTION 


¢ the highest r-f operating 
frequency 


° the fastest switching time 


¢ storage temperatures up 
to 100°C 


YOU CAN GET SPRAGUE* 
MADT*TRANSISTORS AT SENSIBLE PRICES 


Sprague Germanium Micro-Alloy Diffused-Base 
Transistors, well-known for their rugged vhf perform- 
ance, are now priced below other transistors with com- 
parable electrical characteristics. In many areas, this 
permits designers to improve circuit techniques with- 
out necessarily increasing costs. Expanded production 
facilities enable us to ship quantity orders on short notice. 
Add to this their wltra-fast switching time, and you 
have three good reasons why Sprague MADT® Transis- 
tors have achieved their high level of acceptance. 

With Sprague Transistors, circuits in vhf amplifiers 
and oscillators can now operate with collector cur- 
rents as high as 50 ma... with power dissipation up 
to 50 mw... with collector to base voltages to 15 v. 
They have been application tested through the entire 
military electronics vhf spectrum, 

The application table may well suggest the use of 
One or more Micro-Alloy Diffused-Base Transistor 
types in your latest circuit designs. 

For complete engineering data on the types in which 


"Sprague micro-alloy, micro-alloy diffused-base, and sur- 
face barrier transistors are fully licensed under Philco 
patents. All Sprague and Philco transistors having the 
same type numbers are manufactured to the same Specifi- 
cations and are fully interchangeable, 


SPRAGUE COMPONENTS: 
CAPACITORS ¢ RESISTORS « MAGNETIC COMPONENTS -; 
HIGH TEMPERATURE MAGNET WIRE ° 


MICRO-ALLOY DIFFUSED-BASE 
TRANSISTOR APPLICATIONS 


Type Application 
2N499 Amplifier, to 100 mes 


Ultra High Speed Switch 


2N501 (Storage Temperature, 85 C) 
Ultra High Speed Switch 
2N5O01A (Storage Temperature, 100 C) 
2N504 High Gain IF Amplifier 
2N588 Oscillator, Amplifier, to 50 mes 


you are interested, write Technical Literature Sectic 
Sprague Electric Co., 467 Marshall St., North Adam 
Massachusetts. 

You can get off-the-shelf delivery at factory prices . 
pilot quantities up to 999 pieces from your local Sprag: 
Industrial Distributor. 


TRANSISTORS INTERFERENCE FILTERS « PULSE NETWORKS 
CERAMIC-BASE PRINTED NETWORKS ° 


PACKAGED COMPONENT ASSEMBLIES 
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